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INTRODUCTION 


It is an old well-known observation that 
moderate heating of the body elicits drowsi- 
ness and muscular relaxation. The decreased 
muscle tone is generally regarded as a reaction 
involved in temperature regulation. Changes 
in the electroencephalogram (EEG) have been 
observed both in hyper- or hypothermic pa- 
tients and in experimental animals. Altera- 
tions in EEG obtained by changes in body 
temperature have frequently been attributed 
to thermal influence on cortical cells. Heming- 
way, Rasmussen, Wikoff and Rasmussen 
(1940), however, reported that drowsiness 
and even sleep could be induced by local heat- 
ing of posterior hypothalamus. Thus the 
question arose whether the hypothalamic 
thermoceptive structures of Magoun, Harri- 
son, Brobeck and Ranson (1938) exert a 
generalized effect on the level of activity of 
the central nervous system and, if that is the 
case, whether the effects are mediated by the 
reticular activating system of Moruzzi and 
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Magoun (1949) which influences both ‘‘wake- 
fulness’’ and muscle tonus. This system ac- 
cording to the work by Bonvallet, Dell and 
Hiebel (1954) and Dell, Bonvallet and Hu- 
gelin (1954) has already been shown to be 
engaged in the homeostasis of blood pressure 
both through projection from the baroceptors 
of the carotid sinus and through the direct 
influence of adrenaline on elements within the 
reticular formation. 

The results to be described have led us to 
conclude that the hypothalamic thermo- 
sensitive structures like many peripheral re- 
ceptors can influence cerebral cortex and the 
gamma motor system simultaneously and most 
likely by a common relay system within the 
reticular formation of the brain stem. In a 
subsequent publication (Euler and Soderberg 
1957) it will be shown that the setting of 
the ‘‘body thermostat’? can be adjusted 
through the reticular activating system, which 
thus seems to be of importance for maintain- 
ing homeostasis of body temperature. 

Dell et al. (1954) used mono- and poly- 
synaptic reflexes as indices of the activity in 
the reticular formation of the brain stem. 
Paillard (1955) demonstrated simultaneous 
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changes in EEG and tendon reflexes. Granit 
and his collaborators (cf. Granit 1955) have 
shown the possibility that the activity of the 
gamma motor system may be used as an 
index of the activity in the facilitating and 
inhibiting systems of the brain stem. This 
indication was submitted to a test by the 
present investigation where EEG and gamma 
motor activity were correlated during changes 
in thermal balance and was amply confirmed. 


METHODS AND PROCEDURES 


Adult male and female eats and rabbits 
were used. The rabbits were anesthetized with 
urethane (1.5 g. per kg. body weight) or 
chloralose-urethane (10 per cent urethane in 
1 per cent chloralose, 5 ml. per kg. body 
weight). The cats were anesthetized with 
Nembutal (Abbott), (40 mg. per kg. body 
weight). The anesthesia was in some cases 
complemented with small doses of Pentothal 
(Abbott), or urethane. Encéphale  isolé 
preparations of cats were also used. 


A Horsley-Clarke stereotaxic instrument 
was used for the experiments with cat. When 
rabbits were used the head was attached to 
another type of head-holder and the plane of 


the tangents through the bregma was ad-- 


justed at a horizontal level. Stimulating and 
recording electrodes, the heating electrode 
unit and the thermocouple could be placed in 
any desired position within the brain. A cra- 
niotomy was performed to permit the insertion 
of various electrodes and the placing of silver 
ball electrodes for cortical stimulation and re- 
cording. These usually had an inter-electrode 
distance of a few millimeters. In many ex- 
periments the cortical and subcortical elec- 
trodes were implanted with the aid of a meta- 
erylate dental cement (‘‘Swedon’’). The ex- 
posed cerebral cortex was covered with warm 
mineral oil. 


The impulse pattern generated by single 
muscle spindles was recorded from fine fila- 
ments dissected from the dorsal roots of L7 
or S1 according to the description of Granit 
and Kaada (1952). Muscle spindles from the 
gastrocnemius or soleus muscle were chosen. 
The hindleg was completely denervated except 
for these muscles. The femur was immobilized 
and the Achilles tendon freed from the calea- 
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neus and attached to a sensitive strain gauge 
myograph. Stimulating electrodes were at- 
tached to the gastrocnemius nerve. The spindle 
afferent was identified from the pause obtain- 
ed by stimulating the muscle nerve (Matthews 
1933) and from the fact that its impulse fre- 
queney was influenced by the pinna reflex 
(Granit, Job and Kaada 1952). 

In the experiments to be described the ten- 
sion of the muscle was set low and kept con- 
stant as seen from the undeflected mechano- 
myograms. No conclusion could be drawn 
about the gamma motor activity from such 
cases where the experimental procedure caused 
any contractions of the muscle being studied. 
The changes in muscle spindle activity as re- 
corded from nuclear bag afferents was con- 
sidered as variations in gamma motor dis- 
charge to the muscle spindle (Eldred, Granit 
and Merton 1953). 

Recording technique. Two identical chan- 
nels of AC amplification with differential in- 
put were provided for recording cortical and 
subcortical activity as well as muscle spindle 
activity or the electromyogram. The low. cut- 
off frequencies could be selected with 3 db 
points at 0.2, 0.8, 8 and 80 ¢/see. and the high 
frequencies at 40 ke, 10 ke., 250 e, and 
50 c/see. The amplifiers operated two of the 
four available beams of the cathode ray oscillo- 
scope. In the latest experiments a six channel 
electroencephalograph (Offner, type A) was 
used. 

An audio-unit operating a loudspeaker was 
coupled in parallel with the cathode ray tubes. 
By means of cut-off diodes impulses smaller 
than a predetermined amplitude were rejected. 
One output of the unit was connected to an 
electronic ordinate writer (interval recorded) 
designed by Dr. B. Frankenhaeuser. The in- 
strument drove a rapid mirror galvanometer 
(period 2 msec.) the light spot of which wrote 
on moving photographie paper. The principle 
of the apparatus is briefly as follows. Each 
impulse resets the light spot of the galvano- 
meter to zero level. Having reached this level 
in a negligible time it returns along a loga- 
rithmic or linear time course, the time con- 
stant of which can be selected. The shorter 
the interval between two impulses the sooner 
the reset to zero level and the shorter the de- 
flection of the light spot. Figure 1 gives a 
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calibration curve for the time constant gen- 
erally used in the experiments to be reported. 

The electromyogram was recorded with an 
enamelled steel needle electrode against 
eround. The mechano-myogram was recorded 
by a strain gauge myograph and a cathode ray 
oscillograph. The maximum sensitivity of this 
system was 1 g. per 1.2 mm. on the recording 
paper. 
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Fig. 1 

Calibration of the interval recorder with the time 
constant generally used in the experiments. The curve 
gives the full range of performance for this particular 
time constant. In several of the subsequent figures 
only a part of this range is used as seen from the 
calibrations in those figures. In the inset an interval 
record is given. The instrument operates in the fol- 
lowing way. Each input signal rapidly resets the 
light spot of the mirror galvanometer to zero level. 
Having reached this level it returns with logarithmic 
or linear time course, the time constant of which 
can be selected. The shorter the interval between two 
impulses the sooner the resetting of and the shorter 
the deflection of the light spot. Thus by joining 
the upper ends of the vertical lines produced on the 
photographie paper one obtains a eurve inversely 
proportional to the impulse frequency. 
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Changing the brain temperature. Local 
heating of the brain stem was induced by a 
high frequency alternating current (1 mega- 
eycle/sec.) of low voltage passing between 
two pairs of enamelled needles insulated to 
within 2 mm. of their tips (cf. Magoun et al. 
1938; Folkow, Strom and Uvnas 1949; Euler 
1950). The inter-needle distance of each pair 
was 2 mm. and the distance between the pairs 
of electrodes was 4 mm. The needles were 
mounted together and inserted stereotaxically. 
At the bare tip of one of the needles a thin 
enamelled constantan wire, 0.1 mm. in dia- 
meter, was soldered to form one end of a 
thermocouple by which the maximal tempera- 
ture induced by the heating current could be 
recorded (see below). The two pairs of needles 
were shunted by a coil with a low ohmie re- 
sistance (55 ohms) minimizing the effect of 
any tissue rectification. 

The whole body of the cat or rabbit was in 
many experiments wrapped in a large number 
of turns of rubber tubing. Hot and cold water 
could be circulated through the tubing cooling 
or heating the skin. 


Subcortical temperature was measured and 
recorded by means of thermocouples and mir- 
ror galvanometers. The thermocurrent was 
compensated with a fraction of the current 
from a galvanic cell so as to place the galva- 
nometer zero point at 37°C. The recording 
system had a period of 3 sec. It was possible 
to read temperature changes with an accuracy 
of + 0.005°€. 

In order to obtain some quantitative 
estimation of cutaneous blood flow the skin 
temperature of different skin areas was re- 
corded thermoelectrically with mirror gal- 
vanometers in the way described for sub- 
cortical temperature. Skin temperature and 
rectal temperature were simultaneously fol- 
lowed on a temperature recorder (Elektro- 
laboratoriet, Copenhagen). Respiration was 
in some experiments recorded with a strain 
gauge instrument and a cathode ray oscillo- 
graph. In other experiments the respiratory 
eycles were repeatedly timed with a stop 
watch. Blood pressure in the femoral artery 
was measured by means of a strain gauge ma- 
nometer operating a recording mirror galva- 
nometer. Oxygen consumption was recorded 
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with a Krogh spirometer writing on a smoked 
drum. 

Histological procedure. Electrode positions 
were determined after fixing the brain in 
10 per cent formaldehyde. Appropriate pieces 
of the brain were embedded in gelatine, cut in 
frozen sections at 100 » and mounted in gly- 
cerol-gelatine. 

RESULTS 


The impulse pattern generated from a 
single muscle spindle with intact efferent in- 
nervation has been described to be irregular 
*‘the spike interval varying discontinuously 
from spike to spike’’ (Eldred, Granit and 
Merton 1953). Besides the conventional way 
of recording the discharge pattern the time 
interval pattern of the action potentials from 
a single muscle spindle was recorded, using an 
ordinate writer (interval recorder) and a 
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fashion. The height of the deflections is pro- 
portional to the length of the interval between 
two successive impulses (calibration in fig. 1, 
see Methods). Hence, the stratification of the 
interval records means that the impulse pat- 
tern is built up by a few ‘‘preferred’’ lengths 
of interval. These preferred intervals keep 
constant for considerable periods of time pro- 
vided conditions do not change. Preferred in- 
tervals of the muscle spindle discharge pat- 
tern cannot be recognized if more than one 
spike is recorded at the time (cf. fig. 3). The 
presence of preferred intervals is, as a matter 
of fact, a good indication of the record being 
obtained from a single receptor. However, 
muscle spindles deprived of their gamma mo- 
tor innervation have a much more regular 
discharge pattern as described by Matthews 
(1933) (see also Eldred, Granit and Merton 
1953, and Granit 1955). 


Reeord of intervals between consecutive action 


Rabbit. Chloralose-urethane. 
potentials from a single muscle spindle afferent. Record interrupted every 
30 see. Thick vertical line: Twisting the pinna elicited markedly increased 
muscle spindle activity (shorter deflections — intervals). Note, stratification 


in the interval record indicating three preferred lengths of interval. 
(The thick horizontal curves are records of temperature of hypothalamus 
(upper) and of ear skin (lower) and are of no interest for understanding 
the figure. ) 
condensed time scale. This procedure has re- Hypothalamic temperature and muscle 
vealed some new properties of the impulse spindle activity. 
pattern. In figure 2 two horizontal strata A cat under Nembutal anesthesia with 
may be recognized. The stratification is pro- a body temperature well below the thermal 
duced by deflections of different heights ap- thresholds for heat loss mechanisms gen- 
pearing again and again in a rather irregular erally exhibit high muscle spindle activity 
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as compared with a state of higher body 
temperature. Thus, an inhibitory effect on 
the muscle spindle activity was generally ob- 
tained by raising the body temperature. This 
effect, however, was also achieved by local 
heating of the pre- and supraoptic region of 
the hypothalamus be means of high frequency 


low voltage alternating current. This is illus- 
trated in figure 3. In A the interval record 
shows almost complete inhibition of the muscle 
spindle discharge during the period of heat- 
ing (H.T.). B gives samples of a simultaneous 
record on sweeps of the corresponding action 
potentials. These came from two muscle 
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Fig. 3 
Cat. Nembutal. Simuitaneous records of muscle spindle activity of the gastrocnemius muscle, 
A and B, and oecipital EEG, C. The upper part of the figure, A, shows interval record 
(calibration to the right) during changes of the hypothalamic temperature (H.T.). Ear 
skin temperature across lower part of the interval record. The action potentials corresponding 
to the interval record were recorded on sweeps. Samples of these records, taken before 
during and after the period of heating, are shown in B. Simultaneously, occipital EEG and 
mechano-myogram from the gastrocnemius muscle were recorded. C, the lower part of the 
figure, consists of an uninterrupted part of that record (mechano-myogram upper and EEG 


lower tracings). 


during which the records of C were taken. 


The marking below the interval record in A indicates the period of time 


Note the different time seales. Reeords in 


A interrupted every 30 sec. The four markings (horizontal lines) in C indicate where the 
four samples of records of B are taken. Thus, the short samples of EEG besides the sweeps 
in B will be recognized as those overlaying the markings in C, 
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spindles of which one, the bigger, is more 
readily inhibited than the smaller one. The 
simultaneously recorded EEG will be describ- 
ed on page 399. The regions of the brain from 
which inhibition of the muscle spindle ac- 
tivity could be provoked by local heating cor- 
responds to those from which heat loss mech- 
anisms were activated by the same means 
(Magoun et al. 1938; Folkow et al. 1949) and 
from which slow ‘‘temperature potentials”’ 
could be recorded in response to temperature 
changes of the brain (Euler 1950). This is 
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spindle activity increased considerably, a 
facet which may partly be ascribed to afferent 
discharge caused by the stereotaxic instrument 
and by operative wounds which were usually 
not treated with local anesthetics. In such 
a state the inhibitory effect of heating the 
hypothalamic thermosensitive structures could 
be completely hidden in the heavy discharge. 
Sometimes the only inhibitory effect obtained 
was the appearance of another ‘‘preferred’”’ 
interval of greater duration as illustrated in 
figure 4. The administration of a small addi- 


———ew 
Tmin. 


Fig. 4 


Rabbit. Chloralose-urethane. 


Hypothalamic temperature, skin temperature 


of ear as an index of cutaneous blood flow and interval reeord from a 
muscle spindle afferent. Note the appearance of intervals of longer duration 


but of two preferred lengths. 


also the area from which shivering could most 
efficiently be inhibited by local heating as 
described by Hemingway et al. (1940) and 
confirmed below. 

The inhibition of muscle spindle activity 
in response to heating the anterior hypo- 
thalamus was partial or complete, but this 
effect was greatly modified by the prevailing 
level of activity of the gamma motor neurones 
whatever its source (cf. below). When the 
anesthesia became very light the muscle 


tional dose of anesthetic, 2.e. 5 mg. Nembutal 
or 0.25 g. urethane per ke. body weight re- 
dueed the spindle activity. Provided it still 
was under some gamma influence, the in- 
hibitory effect of local hypothalamic heating 
was readily obtained. Further doses of an- 
esthetics tended to abolish the spindle activity 
also at body temperatures below the point of 
thermal balance. At such a state of nar- 
eosis shivering, if earlier present, disappeared 
and cutaneous vasodilatation was evoked with 
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loss of heat and as a consequence, decreased 
body temperature. The muscle spindle was, 
however, still able to respond to stretch. Noci- 
ceptive stimuli and twisting the pinna elicited 
a prolonged increase of muscle spindle activity 
(Granit, Job and Kaada 1952). Raising the 
hypothalamic temperature diminished the 
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was also studied in rabbits under chloralose- 
urethane or urethane anesthesia. Moderate 
heating gave the same results as those de- 
scribed from the cats. In the rabbits, how- 
ever, after having obtained a reduction of the 
frequeney of the muscle spindle discharge in 
response to moderately elevated hypothalamic 
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Fig. 5 


Rabbit. Chloralose-urethane. 


The afferent activity of a gastrocnemius 


muscle spindle during hypothalamic heating, and the corresponding mechano- 
myogram. Hypothalamic temperature given to the left above each record. 
Note the inhibition from moderate heating and the excitation during the 


period of excessive heating. 


duration of the responses to these stimuli. 
An initially high level of gamma activity was, 
however, usually not influenced by hypo- 
thalamic heating, as stated above. 

The effect of inereased hypothalamic 
temperature on the muscle spindle discharge 


temperature, further heating generally in- 
duced an increased spindle activity, usually 
even higher than initially. Figure 5 illustrates 
the inhibition of the muscle spindle activity 
by moderate hypothalamic heating as well as 
the inerease of the spindle discharge in re- 
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Fig. 6 


Rabbit. 


Chloralose-urethane. 


Hypothalamie temperature and interval record from a gas- 


trocnemius muscle spindle. The heating elicits only increased activity. 
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sponse to a further rise of the hypothalamic 
temperature. In very lightly anesthetized 
rabbits with high gamma motor activity 


which could not be inhibited by moderate 
hypothalamic heating, excessive heating (to 
41-43°C.) elicited further inerease of the 
spindle discharge. This is shown in figures 6 
and 7. In lightly anesthetized rabbits noci- 
ceptive stimuli as well as excessive hypo- 
thalamic heating often started a period of 
restlessness usually restricted to the cervical 
segments and appeared as walking movements 
in the forelegs. This enabled us to correlate the 
contractive activity in the upper segments 
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origin since no contraction in the muscle could 
ke detected. 

Under the condition in which muscle 
spindle discharge were recorded, 2.e. with 
laminectomy and extensive denervation, shiv- 
ering occurred only occasionally. Therefore 
no direct correlation between changes in 
muscle spindle activity and the appearance 
and disappearance of shivering was made. 
However, provocation and inhibition of shiver- 
ing was studied in more intact preparations of 
eats and rabbits under light anesthesia. 
Shivering could always be inhibited by heat- 
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Fig. 7 


‘hloralose-urethane. 


Rabbit. 


Interval record of the activity of a single 


muscle spindle. H.T. Hypothalamic temperature. E.T. Ear skin temperature 
as an index of cutaneous blood flow. B.P. Blood pressure in the femoral 


artery. 


Note regular bursts each of about 15 see. duration. 


Mechano- 


myogram not shown in figure was recorded simultaneously with higher 


film speed. 


with the gamma motor discharge in lumbar 
segments. It is a well known fact that the 
lower segments are more sensitive to anesthe- 
tics than the cervical ones (cf. Petersén 1952). 
Figure 7 shows an interval record of the dis- 
charge from a single muscle spindle. During 
hypothalamic heating bursts of high muscle 
spindle activity appeared rhythmically with 
a duration of 10 to 20 see. and were syn- 
echronous with periods of ‘‘walking move- 
ments’’ in the forelimbs. The bursts in the 
muscle spindle afferent were of gamma motor 


No museular eontraction 


was detected. 


ing anterior hypothalamic structures thus 
confirming findings by Hemingway et al. 
(1940). This is illustrated in figure 8 be- 
tween the arrows ‘‘a’’ and ‘‘b’’ where also 
the influence of skin receptors is demon- 
strated, cf. difference between 1 and 2. 
Occasionally, it-was observed that the onset 
of hypothalamic heating provoked or facilitat- 
ed shivering. This transient paradoxical 
effect was only obtained when the heating 
electrodes were placed so as to give inhibition 
of shivering when the heating was continued. 
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Hypothalamic temperature and electrical 
activity of the brain. 

In most of the experiments a change in the 
temperature of the anterior hypothalamus 
provoked some alteration of the electrical 
activity in both neocortex and hippocampus. 
Moderate heating tended to synchronize the 
neocortical activity. However, it was found 
that these effects, like the effects of hypo- 
thalamic temperature on muscle spindle activ- 


obtained. The EEG pattern recorded in 
deeply anesthetized animals was, however, not 
influenced from the hypothalamic thermo- 
sensitive structures. Figure 3 is chosen as a 
typical experiment in a cat under light Nem- 
butal anesthesia. The simultaneous recording 
of the occipital EEG and of the muscle 
spindle activity from the left gastrocnemius 
followed the usual routine (see Methods). 
Elevation of the temperature of the anterior 
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Fig. 8 


Rabbit. Electromyogram from left thigh muscles and EEG from left cruciate area. Urethane 
subcutaneously. The appearance of shivering by cooling the skin of the animal (2) and the 
inhibition of shivering by hypothalamic heating between the arrows a and b. EEG changes 
gradually from high voltage slow wave to low voltage fast activity but is uninfluenced by 


the hypothalamic heating. . 


ity, were highly dependent upon the anesthetic 
level. At a very superficial level of anesthesia 
with an ‘‘arousal’’ pattern of EEG, wide open 
pupils and high muscle spindle activity, heat- 
ing of the anterior hypothalamus had little 
or no effect on the EEG. But small sup- 
plementary doses of Nembutal or urethane 
made the cortex more sensitive to the thermal 
influence of the anterior hypothalamus just 
as described for the muscle spindles, and re- 
cords such as that in figure 3 C could be 


hypothalamus provoked an increase of the 
number of spindle configurations in the EEG. 
This is shown in C (lower part of the figure), 
which was obtained during the period marked 
at the bottom of A. The interval record of 
the muscle spindle activity, given in A, pro- 
vides a good example of thermally induced in- 
hibition of the gamma motor system. 

The cortical activity could also be in- 
fluenced by hypothalamic heating in encéphale 
isolé preparations. This is seen in figure 9, 
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showing EEG tracings from 6 cortical areas. 
In this case most skin and muscle afferents 
of the head were blocked by Xylocaine. Dur- 
ing moderate heating there was a change from 
low voltage fast activity to a synchronized 
pattern with occasional spindle configurations. 
The events illustrated in figure 9 were re- 
peated several times with the same result. 
When the blocking effect of the applied 
Xylocaine weared off ‘‘panting’’ movements 
around the upper respiratory tract and sali- 
vation became more and more evident during 
the periods of heating. 

In rabbits at appropriate anesthetic levels 
similar EEG effects were obtained as in the 
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in both leads. A further increase of the heat- 
ing current to 60 mA, 2.e. about 43°C, how- 
ever, elicited a typical ‘‘arousal’’ reaction. 
The reverse sequence of events were seen 
during the fall of the hypothalamic tempera- 
ture when the heating had been discontinued. 

In eases where the EEG initially was do- 
minated by slow wave activity the late 
‘‘arousal’’ reaction was the only effect of 
hypothalamic heating. Such an example is 
given in figure 11 from an animal in which 
the initial EEG pattern (top record) appear- 
ed to be somewhat abnormal. It resembles very 
much the ‘‘inhibition’’ seen by electrical 
stimulation of ‘‘inhibitory’’ points in the 
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Fig. 9 


Cat. Encéphale isolé prepared under ether. Large amounts of Xylocaine were injected into 
the skin and the muscles of the head and also into the trigeminal ganglia. EEG from frontal 


(F), parietal (P), occipital (O) areas from left (L) and right (R) hemispheres. 


Heating 


current but not hypothalamic temperature recorded. Approximate calibration: 0.35 mA — 39°C, 
0.40 mA — 42°C, Spindles appeared soon after the onset of 0.35 mA heating. Gradual 


in figure, indicated no muscle contractions. 


cats. In figure 10 the activity of the hippo- 
campus and of the temporal cortex were re- 
corded simultaneously. The hypothalamic 
temperature was not recorded but the heating 
current is graphically represented. Initially 
there was a regular sinusoidal hippocampal 
activity and desynchronized activity of the 
temporal cortex. A moderate increase of the 
hypothalamic stimulus provoked slow waves 


brain stem (Moruzzi and Magoun 1949, and 
Ingvar and Soderberg 1957). After the heat- 
ing it gradually returned to the abnormal 
pattern (bottom record). 

In the rabbit the arousal pattern in the 
EEG produced by strong hypothalamic heat- 
ing or by twisting the pinna was generally 
accompanied by polypnoea, dilation of the 
pupil, protrusion of the eyeballs and restless- 
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Rabbit. Urethane. Xylocaine locally. Samples of EEG from hippocampus, H (the upper 
tracing in each pair) and left cruciate cortex, C. Rectal temperature, heating current and ear 
skin temperature. The effect of hypothalamic heating is an initial cutaneous vasodilatation 
simultaneously with the appearance of high voltage slow wave activity. During the period 
of heating with 55 mA current there is an arousal reaction and a small decrease in ear skin 
temperature. After discontinuing the heating the slow wave activity appears again but is 
replaced by desynchronization in neo-cortex and theta rhythm in hippocampus when the ear 
vessels reach their initial state of constriction. 
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ness. Decreasing the hypothalamic tempera- 
ture again evoked synchronization of the 
neocortical EEG, constriction of the pupil 
and cessation of the restlessness. At a further 
drop of temperature the animal entered into 
a labile state: ‘‘active’’ EEG, dilated pupils 
and increased respiratory rate alternating 
with a state of reduced ‘‘wakefulness’’. Rapid 
alternation between wakefulness and drowsi- 
ness is in fact characteristic of the normal 
rabbit. 


The relation between muscle spindle activity 
and the electrical activity of the brain. 


The separate studies of the influence of 
hypothalamic heating on muscle spindle dis- 
eharge and on cortical synchronization leads 
one to suppose that there would be some 


HT ET. 
373 28.0 


CURT VON EULER and ULF SODERBERG 


consequence the body temperature rose. In the 
case of excessive heating, however, there seems 
to be a rivalry between cutaneous vasodilation 
and vasoconstriction (cf. fig. 11). Changes in 
thresholds of thermoregulatory events will be 
dealt with elsewhere (Euler and Sdéderberg 
1957). Correspondingly, decreased muscle 
spindle discharge and cortical synchroniza- 
tion generally occurred simultaneously in re- 
sponse to raising the body temperature, local 
heating of the hypothalamus or some skin 
reflexes from the upper thoracic and neck 
region and were accompanied by dilatation of 
skin vessels of the ear and inhibition of 
shivering. Consequently there was a drop 
in body temperature. 

Figure 12 is an other example of the close 
parallelism between muscle spindle and cor- 
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Fig. 11 
Samples of EEG from the left temporal cortex. 


Rabbit. Urethane. 


responding temperatures (hypothalamic, H.T. 
Note, gradual desynechronization during the heating 


frequencies are given. 


period concomitantly with polypnoea. 
return to a pattern similar to the initial one. 
The pattern of the bottom record resembles those seen from 


(cf. p. 402). 


stimulation of ‘‘inhibitory’’ areas in the 


parallelism between these activities. Simultan- 
eous recordings of EEG and muscle spindle 
activity such as in figure 2 has demonstrated 
a correlation of an even higher degree than 
was initially expected. Generally, an ‘‘arous- 
ing’’ stimulus such as twisting the pinna, 
lowering the body temperature or electrical 
stimulation of midbrain tegmentum desyn- 
chronized the cortical activity and increased 
the muscle spindle activity simultaneously. 
These events were usually followed by cu- 
taneous vasoconstriction in ears and pads and 
by provocation or facilitation of shivering. In 


10 sec 200 pV 


Cor- 
ear skin, E.T.) and respiratory 


After cessation of heating gradual 
No cutaneous vasodilatation 


brain. 


tical activities. In this figure, which was 
obtained from a lightly anesthetized rabbit, 
there were ‘‘spontaneous’’ fluctuations in 
muscle spindle discharge and cortical activity. 
This is a good illustration of the rapid 
changes in the state of wakefulness char- 
acteristic for rabbits. The figure also gives an 
interval record with characteristic stratifica- 
tion due to the presence of preferred lengths 
of intervals, often found in discharges from 
muscle spindles under gamma control (cf. 
p. 394). Results such as that illustrated in 
figure 12 were, however, dependent upon a 
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successful balancing of the anesthetic level 
and probably also upon the cortical area being 
studied. To judge by the EEG, cortical ac- 
tivity was more sensitive to anesthetics than 
was the gamma motor system and high muscle 
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was occasionally recorded simultaneously in 
response to electrical stimulation of the mid- 
brain tegmentum. The appearance and disap- 
pearance of shivering may occur without no- 
ticeable changes in the EEG, as shown in 


spay "PYsec 


Wee 


Fig. 12 


Rabbit. Chloralose-urethane. 


Activity from a single muscle spindle in left gastrocnemius 


muscle and EEG from the left sensory motor cortex. Top record gives time intervals between 


consecutive action potentials; calibration to the right. 
1 to 4 samples of records as indicated below interval 


EEG recorded on a cathode ray tube. 


The action potentials together with 


record. Different time scale in top and bottom records. Mechano-myogram, not reproduced 


in figure, indicated no muscle contractions. 


Note, high frequency muscle spindle discharge simultaneously with periods of desynchronized 


EEG. Muscle spindle silent when slow waves appear in EEG, 


Interval record shows echar- 


acteristic stratification due to preferred lengths of interval. 


spindle activity was sometimes present simul- 
taneously with synchronized cortical activity. 
However, negative correlations have also been 
found, since cortical desynchronization and 
decrease in muscle spindle discharge frequency 


figure 8. This figure described on p. 398 shows 
simultaneous records of the EEG and the 
electromyogram. Hypothalamic heating which 
inhibited shivering in a cold animal did not 
influence the desynchronized cortical activity. 
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In a few experiments the discharge from 
two active muscle spindles was recorded at the 
same time in the same filament. It was ob- 
served that one spindle was easily influenced 
by hypothalamic heating and twisting the 
pinna but uninfluenced by spinal reflexes 
such as pinching the skin of the contralateral 
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ever, be influenced both from spinal and 
supraspinal levels. 


DISCUSSION 


The effects described as responses to local 
heating of the anterior hypothalamus have 
also been obtained following an increase in 


A 


Cutaneous 
blood flow 


Arterial 
blood pressure 


170¢-mm Hg 
150 


Fig. 13 


Cat. Nembutal. Sinus nerve and cervical sympathetic trune bilaterally cut. A and B. Electro- 
myogram, hypothalamic temperature and rectal temperature. C. Cutaneous blood flow from 
the right forepaw. The time interval between blood drops from the cannulated right cubital 
vein are registered by an ordinate recorder writing on a smoked drum. Arterial blood pressure 
from the femoral artery recorded by a mercury manometer. C is recorded on a _ shorter 
time scale than A and B. Time marks immediately below flow record every 30 see. Horizontal 
lines in C synchronize the two sets of curves. 

The figure shows that the threshold temperature for inhibition of shivering by hypothalamic 
heating with high frequency alternating current (in A) is roughly the same as when the 
carotid blood is heated with thermodes (B). Vasodilatation and inhibition of shivering are 


absolutely parallel in time during this experiment. (From Euler, Strém and Soderberg, 

1950, unpublished.) 
leg. The activity of the other spindle could body temperature. However, the thermal 
be both excited and inhibited by spinal re- threshold for the temperature regulatory 
flexes but was uninfluenced from supraspinal reactions were usually lower when the 


levels and hypothalamic heating was without 
effect even a‘ very high temperatures. A large 
number of muscle spindles tested could, how- 


temperature of the whole body was changed 
than when anterior hypothalamus was heated 
locally. These threshold differences were 
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bigger for the rabbit than for the cat. Their 
most likely explanation is that the tissue be- 
tween the four heating electrodes is not uni- 
formly heated as it is when the temperature 
of the whole body is increased or when the 
earotid blood is heated by thermodes. In 
figure 13 the two methods of raising the 
hypothalamic temperature by high frequency 
(period A) and by thermodes (period B) are 
compared. Roughly the same threshold was 
obtained with both methods with respect to 
inhibition of shivering (A and B) and 
cutaneous vasodilatation (C). 

Since one of the four heating electrodes 
also constitutes the recording thermocouple 
only the maximum temperature is recorded. 
There is a considerable spatial temperature 
eradient out from each electrode. The en- 
gagement of cutaneous thermoceptors is also 
very different in the three situations, when 
the whole body is heated, when the carotid 
blood is warmed by thermodes or when the 
anterior hypothalamus is heated locally. This 
will be discussed in another publication 
(Kuler and Soderberg 1957). 

Outside the anterior hypothalamus, the 
region situated between the optic chiasma and 
the anterior commissure, local heating had 
none of the described effects. Mechanical stim- 
ulation of anterior hypothalamus by altering 
the position of the heating electrode set, 
sometimes produced effects similar to those 
induced by the heating. Effects from mech- 
anical stimulation have, however, also been 
obtained in other parts of the brain stem. 
The region of the brain from which the de- 
scribed effect on muscle spindle and electrical 
activity of the brain has been induced in re- 
sponse to local heating has not been found to 
exceed the well-known area of thermoceptive 
structures described by Magoun et al. (1938), 
Hemingway et al. (1940), Folkow eft al. 
(1949), Euler (1950) and Strom (1950). The 
last mentioned author has also described 
changes in cutaneous blood flow induced by 
mechanical stimulation of hypothalamic struc- 
tures. 

The influence of body temperature on the 
electrical activity of the brain has frequently 
been dealt with, since Hoagland (1936a, b) 
and Bennet, Cash and Hoekstra (1941) studied 
the effect of artificial fever on EEG in man. 


Similar results were obtained by ten Cate, 
Horsten and Koopman (1949) in rats, Gaen- 
shirt, Krenkel and Zylka (1954) using  per- 
fused cat’s heads under urethane, and by 
Koella and Ballin (1954) on eats under 
Dial anesthesia. The results obtained by these 
workers seem to establish that raising the body 
temperature to above 40°C increases the am- 
plitudes and decreases the frequencies of the 
electrical activity of the cortex. A related ob- 
servation was also made by Dr. Ch. Phillips 
(personal communication) who observed in 
experiments on the motor cortex of. hghtly 
anesthetized cats that when additional heating 
was applied to the animals to check a falling 
rectal temperature, the electrical motor thresh- 
old was thereby raised. The effect was as 
striking as that following each fresh injection 
of anesthetic. Although cerebral cortex, like 
all nervous tissues, is sensitive to temperature 
changes, our results clearly demonstrate that 
thermal stimulation applied locally to the 
anterior hypothalamus may provoke profound 
alterations in the electrical activity of the 
cerebral cortex. Wertheimer (1893) came, in 
fact, to a similar conclusion, when he found 
signs of increased brain circulation in cooled 
animals. 

Exeessive heating of the anterior hypo- 
thalamus provoked general arousal reactions 
including blocking reaction in EEG. These 
effects have been seen in various cortical areas 
and may therefore be described as generalized 
cortical events, most likely mediated through 
the reticular activating system of Moruzzi and 
Magoun (1949) upon which hypothalamic 
thermoceptive structures may project like 
other receptors. However, attempts to exclude 
a hypothalamo-cortical pathway which could, 
also mediate the heating effects upon the 
EEG have not been made. 

Adequate stimulation of the anterior hypo- 
thalamus was also found to alter the electrical 
activity of the hippocampus. The alterations 
may be described as opposite to those obtained 
from neocortex. Thus raising the hypothalamic 
temperature tended to desynchronize the hip- 
pocampal activity. The ‘‘arousal’’ effect of 
a still higher hypothalamic temperature was 
readily seen in the hippocampus as typical 
theta rhythm (Green and Arduini 1954). The 
changes in activity pattern was, in fact, often 
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seen a little earlier in the hippocampus than 
in the cortex. This is in good agreement with 
the work of Green and Arduini. Dr. J. D. 
Green (personal communication), studying 
rabbits with chronically implanted electrodes 
in the hippocampus, found that theta rhythm 
was provoked by overheating the whole an- 
imal. In cold environment when the ear ves- 
sels were constricted, theta rhythms were also 
obtained. The pathway by which these EEG 
changes are transmitted have not been studied 
in the present paper. 

The work of Granit and Kaada (1952), 
followed by a series of papers by Granit and 
his collaborators (summarized by Granit 
1955), has shown very clearly that the muscle 
spindles may be influenced from various 
central nervous structures by way of the gam- 
ma efferents of Leksell (1945) and empha- 
sized the fact that most of these central struc- 
tures are known to excert a control on muscle 
tonus. This has been shown to be true for 
both extensor and flexor muscles (Granit, Job 
and Kaada 1952). The present work demon- 
strates that adequate stimulation of thermo- 
ceptive structures of the anterior hypothal- 
amus plays an important role in the supra- 
spinal control of the muscle spindle activity. 
This finding indicates that the muscle spin- 
dles are engaged in some way in thermoreg- 
ulatory events. The correlation of the behavior 
of the muscle spindles and the conditions 
under which shivering and thermal muscle 
tone appear justifies the conclusion that the 
activity of the muscle spindles is of importance 
for muscular contractions involved in heat 
production. Sherrington (1924), Jung, Dou- 
pe and Carmichael (1937) and Perkins (1945) 
found that shivering seems to be dependent 
on intact afferent innervation of the muscles. 
A closer correlation between muscle spindle 
activity and those muscular events involved 
in thermoregulation is, however, not available. 
In this connection it may also be of interest 
to mention that, according to Birzis and He- 
mingway (1956), the spinal pathways mediat- 
ing shivering run in the lateral white columns 
in the vicinity of the rubro- and reticulospinal 
tracts, where a direct pathway from the brain 
stem to the gamma motoneurones also has 
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been found (Granit and Holmgren 1955). The 
fibres concerned in shivering were, however, 
both crossed and uncrossed whereas the direct 
gamma pathway seemed to consist of crossed 
fibres only. It has also been found recently, 
that muscle circulation can be influenced by 
hypothalamic heating (Soderberg 1956). In 
this case also the ‘‘external loop’’ seems to 
be of importance since the effects were only 
found when the muscle was under some 
stretch. 

The increase in muscle spindle activity in 
response to excessive heating of the struc- 
tures of the anterior hypothalamus in the 
rabbit, can hardly be considered a sign of 
physical thermoregulation. This stimulus 
provoked a general ‘‘arousal’’ of the animal 
with ‘‘activation’’ of the EEG pattern, pol- 
ypnoea and restlessness, which all may be re- 
garded as equivalents to the signs of discom- 
fort seen in overheated animals. 

Granit and Kaada (1952) and Granit and 
Holmgren (1955) have demonstrated the close 
connection between the reticular activating 
system and the gamma motor system. In the 
present communication hypothalamic heating 
has been found to influence gamma motor 
activity. This is considered to support the 
view that hypothalamic thermodetectors pro- 
ject to the reticular activating system. This 
conclusion is strengthened considerably by 
the intimate correlation which has been found 
between the EEG and muscle spindle activity. 
Some muscle spindles, however, were found 
to be more readily influenced from spinal 
reflexes than from supraspinal levels and 
vice versa. The method for isolating single 
muscle spindle filaments was selective to some 
degree in so far as receptors with no or a 
poor response to twisting the pinna were gen- 
erally disregarded. This procedure might have 
given preference to muscle spindles with a 
predominating supraspinal control. Even 
with this kept in mind, it was very impressive 
to find such a close parallelism between gam- 
ma motor and cortical events under the pre- 
vailing conditions with the influence of spinal 
reflexes minimized and constant. This invites 
two possible explanations : 
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(i) both activities are coordinated by the 
same structures ; 


(ii) one of the two systems drives the other 
one. 


EEG changes have been induced by hypo- 
thalamic heating in encéphale isolé prepara- 
tion of cats were the afferent flow in cranial 
nerves was greatly reduced by conduction 
blocks. Thus muscle spindle discharge is not 
necessary for obtaining the described changes 
in EEG pattern. Since the cortical response 
to hypothalamic heating was more readily 
abolished by anesthetics than the muscle spin- 
dle response, the latter is not necessarily 
mediated by the cortex. The results in encé- 
phale isolé preparations also exclude the path- 
way via the splanchnic nerves — adrenal 
glands. Thus it may be justified to regard 
both these responses as indices of the changes 
in activity in the reticular relay system of 
Moruzzi and Magoun (1949) during thermo- 
regulatory events induced from the thermo- 
detectors of the hypothalamus. This is an- 
other example of a ‘‘damping’’ action from a 
projecting receptive mechanism. Bonvallet et 
al. (1954) and Dell et al. (1954) have analyzed 
such an effect from the afferent inflow from 
earotid sinus. During the present work we 
observed that some stimuli from the skin of 
the upper thoracic and neck regions syn- 
chronized: the EEG and inhibited the gamma 
motor activity. 


The activity of the gamma motor system 
was found to be an additional useful index 
of the general level of activity of the body, 
‘‘set’’ by the activating system in the reticular 
formation of the brain stem, which thus seems 
to be of importance for homeostasis of tem- 
perature. Such a ‘‘setting’’ of the general 
level of activity by the thermoceptive struc- 
tures would constitute a purposeful feed-back 
regulation involving more of the whole or- 
ganism than just the specific thermoregulating 
reactions. 

In another publication (Euler and Sdder- 
berg 1957) it will be shown that a change in 
the level of activity by other means will change 
the ‘‘setting of the body thermostate’’ in the 
direction of an optimum for the particular 
situation. 
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SUMMARY 


The influence of hypothalamic and body 
temperature on the EEG and the gamma 
motor system was studied in cats and rabbits. 
The index of gamma motor activity was ob- 
tained by recording muscle spindle discharge 
from a muscle at constant tension. 


Moderate hypothalamic heating inhibited 
the gamma motor activity in both cats and 
rabbits. Excessive hypothalamic heating in- 
duced increased discharge frequency in muscle 
spindles in rabbits. Moderate heating inhibited 
shivering in both species and induced cuta- 
neous vasodilatation as well as other auto- 
nomic activities. Excessive heating induced 
restlessness in rabbits. 


Moderate hypothalamic heating synchro- 
nized the EEG in both cats and rabbits. Ex- 
cessive heating desynchronized, ‘‘aroused’’, 
the EKG in the rabbits. 


Simultaneous records of muscle spindle 
activity and EEG have demonstrated a close 
correlation between these two events. Anesthe- 
tics abolished more readily the influence of 
hypothalamic heating on the EEG than on the 
gamma motor activity. Other exceptions from 
the correlation are also discussed. 


It is concluded that the effects of hypo- 
thalamic heating are mediated by common 
relays influencing both gamma motor and 
cortical activity. Hypothalamic thermocep- 
tive structures may thus, like most peripheral 
receptors, project upon the activating relay 
system of the brain stem. The muscle spindle 
test has been found to be a useful index of 
that system. 


The significance of the results for home- 
ostasis of body temperature are discussed. 
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It has been shown that EEG activation 
or ‘‘arousal’’ can be brought about by adren- 
aline when released endogenously or when 
injected intravenously (Bonvallet, Dell, and 
Hiebel 1954; Rothballer 1956). These same 
investigations have demonstrated that adren- 
aline’s site of action is at least partly the 
mesencephalic tegmentum where it appears 
capable of stimulating the reticular activating 
system, both ascending and descending. De- 
stroying this region or divorcing it from the 
hemispheres by brain stem section renders the 
preparation insensitive to the EEG activating 
properties of adrenaline. These observations 
have demonstrated that EEG activation may 
be brought about by purely humoral means, 
and that the peripheral and central sympathe- 
tic nervous system and the reticular activating 
system (and all that it influences secondarily ) 
are connected by both humoral and neural 
links, so that their levels of activity tend to 
fluctuate together in the manner of a unified 
system. Finally, it has been proposed that the 
reticular activating system, or a component 
within it, is itself adrenergic (Dell, Bonvallet, 
and Hugelin 1954; Rothballer 1956). 

The soundness of that latter hypothesis 
was further tested by determining the effect 
upon EKG activation of other pharmacological 
agents — potentiating and blocking agents — 
which are known to influence adrenergic sys- 
tems. At the same time it has been possible 
to make observations which shed light on the 
possible mechanism of action of these agents, 
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some of which have clear-cut physiological and 
psychological effects and proven clinical use- 
fulness. The present communication deals 
with adrenergic congeners and potentiating 
or sensitizing substances; studies of agents 
which depress the adrenaline-sensitive system 
(chlorpromazine, Dibenzyline, anesthetics), 
have been reserved for a subsequent com- 
munication. 

Examples of sympathomimetic or related 
drugs were selected with the object of picking 
out representatives of the group which differ 
from each other in certain respects, and espe- 
cially to choose some which do and others 
which do not have noteworthy clinical effects 
upon the nervous system. The effects of 
adrenaline and noradrenaline have already 
been reported (Rothballer 1956) and will be 
briefly reviewed under Results. To these two 
agents were added phenylephrine, as an 
example of a sympathomimetic drug with 
negligible ceritral effects, methamphetamine 
and cocaine, as examples of sympathomimetic 
agents quite dissimilar in many respects but 
with marked central-stimulating properties, 
and serotonin, a pressor amine, not actually 
sympathomimetic, with central effects as yet 
imperfectly understood. 

It was anticipated that those drugs with 
conspicuous central effects clinically would 
prove to ‘‘stimulate’’ the reticular formation 
the most, and that those without recognized 
central effects would fail to induce EEG 
arousal, with those showing intermediate ef- 
fects falling somewhere in between. This sim- 
ple schema was not borne out experimentally ; 
rather, it has been possible to discern a some- 
what different pattern of effectiveness and to 
correlate this with clinical observations. More- 
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over, the results may be interpreted as sup- 
porting the concept of an adrenergic com- 
ponent within the reticular activating system. 


METHODS 


The experiments were carried out on 20 
eats, representing part of the series of 35 
reported previously (Rothballer 1956), where 
the method was described in detail. In brief, 
simultaneous recordings of the EEG and blood 
pressure were carried out in unanesthetized, 
curarized cats rendered unconscious by eo- 
agulation of the tegmentum at the ponto- 
mesencephalic border (mid-reticular coagula- 


tion). 
The following drugs were employed, all of 
which were administered intravenously: 


epinephrine hydrochloride (Adrenalin, Parke, 
Davis & Co.), referred to as adrenaline ; levar- 
terenol bitartrate (Levophed, Winthrop- 
Stearns), referred to as noradrenaline; phe- 
nylephrine hydrochloride (Neo-synephrine, 
Winthrop-Stearns) ; methamphetamine hydro- 
chloride (Desoxyn, Abbott Laboratories) ; 
serotonin creatinine sulfate (Sandoz) ; cocaine 
hydrochloride; and the curarizing agent gal- 
lamine triethiodide (Flaxedil, Poulenc). 


RESULTS 


1. Adrenaline and Noradrenaline 


In the cat with a suitable coagulation of 
the tegmentum at the ponto-mesencephalic 
border, the EEG is converted from that of the 
normal waking record to a continuous succes- 
sion of spindle bursts (frequency of 10- 
14/see.) between which oceur brief runs of 
lower voltage activity of widely varying and 
mixed frequency. The record is scarcely dis- 
tinguishable from that of normal sleep, but 
the animal cannot be roused by ordinary sen- 
sory stimuli. Intravenous injection of adren- 
aline (often less than 1 pg/kg.) produces an 
abrupt conversion of the record to that char- 
acteristic of wakefulness, this change con- 
stituting EEG activation. For a given dose of 
adrenaline, the time of onset and duration of 
the activated record is quite constant, usually 
beginning 8-14 sec. after the beginning of the 
injection, and lasting 40-80 see. 

By progressively lowering the dosage, it 
was possible to determine the smallest amount 
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of adrenaline capable of producing a discern- 
ible activation, or at least to bracket the actual 
threshold between the smallest effective and 
the largest ineffective dose. This adrenaline 
threshold remained constant over a period of 
many hours and then gradually rose as the 
preparation deteriorated. It was extremely 
sensitive to the use of anesthetics, any sudden 
fall in blood pressure, or anoxia — all of which 
had to be carefully avoided. The lowest adren- 
aline threshold ever observed was 0.05 pe/kg., 
but figures of 10 times this value were more 
representative. Using adrenaline and _ nor- 
adrenaline alternately, the duration and inten- 
sity of the activation response to equal weight 
doses of the two drugs were indistinguishably 
similar, and the thresholds were the same. 
Furthermore, neither drug had any effect 
upon the threshold of the other (Rothballer 
1956). 

2. Phenylephrine 

Since this drug is employed clinically prin- 
cipally for its vascular effects and is con- 
sidered to be practically devoid of central 
nervous system stimulating activity, it was 
anticipated that it would lack EEG effects; 
this however was not the case. When admin- 
istered to animals with mid-reticular coagula- 
tion, it produced an EKG activation indistin- 
gvuishable qualitatively from that of adren- 
aline. 

Comparisons of the vascular effects of 
equal amounts of the two drugs have shown 
that phenylephrine produces a less pronounced 
response than adrenaline; however, if equi- 
pressor doses of the two drugs are given, the 
effects of phenylephrine last longer (Good- 
man and Gilman 1955 Consequently the 
EEG effects of the two drugs were compared 
two different ways. 

First, the drugs were given alternately, 
and the dose manipulated until the two drugs 
gave EEG activations of approximately equal 
duration. Under these circumstances it re- 
quired more phenylephrine than adrenaline, 
in a ratio of 5:1. Second, the minimum ef- 
fective EEG activating dose (threshold) for 
each drug was tested separately and again 
more phenylephrine than adrenaline was re- 
quired, but in a ratio of 10:1. Thus it is seen 
that phenylephrine is uniformly less potent, 
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weight for weight, than adrenaline, but that doses, no amount would produce any discern- 
the ratio of potencies varies, depending on _ ible effect. Consequently, it was impossible 
whether one employs duration or intensity as to measure the threshold. 


a basis for comparison; in this respect the (b) It lowered the threshold to adrenaline 
iL oh ees 7 sei aca > sr q ° . ¢ 

KEG effects of the two drugs resemble their for long periods (see fig. 2). In each of a 

vascular effects. series of experiments, the adrenaline thresh- 


old was carefully determined before metham- 
phetamine. The protocol of RC35 will serve 
as an example: 


3. Methamphetamine 
Since methamphetamine is used clinically 

for its central stimulating effect and has 

; : rae The adrenaline threshold during the control 
relatively little influence upon the blood pres- , . ; 

oT ee: it ; ld h period was 5 wg. (2 ywg/kg.). Immediately after 
. 20 roa « 2 ‘ € y ava a a ‘ " > ‘ m 
sure, 1t was anticipatec that it baby gy ave the 59 ug. of methamphetamine i.v., it fell to 2.0 ug. 
most marked effects upon the EEG of all the (0.8 yg/kg.); after an additional 100 yg. of me- 
sympathomimetic drugs; again, this was not thamphetamine, the threshold was found between 1.0 
strictly the case. It was possible to distin- and 1.5 yg. (0.4 and 0.6 yg/kg.); and after still 
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The record shows the effects of the intravenous injection (‘‘I’’) of 5 yug./kg. of metham- 
phetamine in a cat with mid-reticular coagulation. Approximately ten seconds after the 
beginning of the injection there is an abrupt cessation of spindle activity which then 
reappears at 23 seconds. This is a good example of minimal or near-threshold activation. 
The effect upon the blood pressure is scarcely detectable. 


Channels A through D are bipolar recordings of the cat EEG; A is right fronto-central, 
B right central-parietal; and C and D represent the corresponding positions on the left. 
Channel E is a recording of the blood pressure. The height of the calibrating pulse is 
equivalent to 55 mm. of Hg. The base line below the blood pressure record has been raised 
above zero to serve as a more convenient reference line. 


geuish three separate EEG effects of intra- another 100 ywg. the threshold was less than 0.5 ug. 
venous methamphetamine: (0.2 < wg /kg.). Between 3 and 4 hours after the last 
. . . . s 2 » é 4 H } >. 4 ] "eS i b re ur . 

(a) It produced EEG activation similar dose of methamphetamine, the threshold had returned 

, 4 . to the control level. 

in pattern and timing to that of adrenaline, 

but this required much larger doses. The The lowest threshold ever observed in any 

smallest dose ever observed to elicit EEG animal was 0.013 pg/kg. of adrenaline (after 

activation was 2.5 pe/kg., but ordinarily 180 »g. of methamphetamine). 

higher doses (10-25 pg/kg.) were required (c) It produeed long-lasting EEG activa- 

(see fig. 1). Furthermore, the EEG response tion in large doses. It was noticed that after 

showed tachyphylaxis so that after the first rather high doses of methamphetamine had 

dose, larger amounts were required to produce been administered in order to lower the adren- 

an equal response, and after three or four aline threshold, the background showed a 
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gradual change, the spindles occurring at less 
frequent intervals. This limited the degree to 
which one could earry the lowering of adren- 
aline threshold, since as the background of 
spindles and slow waves diminished, the pre- 
paration became a less and less suitable test 
object. With very large doses (0.5-1.0 mg/ 
ke.), the spindles vanished altogether and 
the EEG record was indistinguishable from 
the normal waking cat. Furthermore the cat 
actually appeared to wake up. Since the 
animals with mid-reticular coagulation are 
apparently unconscious, only very small doses 
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also completely insensitive to the immediate 
and cumulative effects of methamphetamine. 

No sudden rises in blood pressure, like 
those which follow administration of adren- 
aline, were seen after methamphetamine. . 
Rather, there occurred a gradual, sustained 
inerease in blood pressure Over many minutes, 
but of low magnitude and difficult to measure. 
On the other hand, methamphetamine seemed 
to potentiate the blood pressure effects of 
adrenaline in the same fashion as it poten- 
tiated its EEG effects, and to roughly the 
same extent. Thus a dose of adrenaline too 


Fig. 2 
These records illustrate the potentiation of the effects of adrenaline by methamphetamine. 
A shows the effect during the control period of an intravenous injection (arrow) of 
2 wg. of adrenaline in a cat with mid-reticular coagulation. It produced the characteristic 
changes in the blood pressure (a rise at 7 seconds, followed by a longer fall) and upon the 
EEG (activation from 11 to 30 seconds). B is in the same eat showing the effect, after 
the previous administration of 200 ywg. of methamphetamine, of only 0.08 ug. of adrenaline 
(arrow). The blood pressure response to this much smaller dose is only a little less marked 


than in the control record and the period of EEG activation fully as long. 


In each sequence, the upper tracing is a single EEG tracing 
| ’ 5 4 


(left fronto-central), the 


lower the blood pressure, beneath which is the base line, again not at zero. 
b b] 


of curarizing agent are needed to immobilize 
them, often none at all. However, when the 
EEG was reconverted to the normal waking 
pattern with methamphetamine, the animal 
began to move and had to be immobilized 
again with Flaxedil. After administering a 
small dose of pentobarbital intravenously (12 
mg/kg.), the spindles and slow waves quickly 
returned. In several animals, coagulation of 
the mesencephalic tegmentum was advanced 
rostrally in two millimeter steps until the 
preparation became completely insensitive to 
the EEG activating effects of adrenaline 
(Rothballer 1956). These preparations were 


small to produce any effect whatever before 
methamphetamine elicited both EEG and 
blood pressure effects after, and to much the 
same degree. The responses to a small dose 
of adrenaline after methamphetamine were 
indistinguishable from those of a much larger 
dose given before. 


4. Cocaine 


Although not a sympathomimetic amine, 
cocaine is believed to sensitize receptor sites 
to the effects of adrenaline applied locally or 
intravenously, or to the effects of adrenergic 
nerve stimulation. Furthermore, it has noto- 
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rious central nervous system stimulating prop- 
erties. Given intravenously to preparations 
with mid-reticular coagulation, it produced no 
immediate changes in the EEG record in doses 
ranging from 7-100 pe/kg., and thus differed 
from all the sympathomimetic amines tested 
in having no direct EEG activating effect. 
However, it had the same effect as methamphe- 
tamine in lowering the adrenaline threshold. 

Thus in one experiment (RC39), the 
adrenaline threshold was 2 ug. (.66 we/kg.); it was 
unaffected by 100 yg. of cocaine, but after a total 
of 200 ug. of cocaine it had dropped to 1 yg. (.33 
ug/kg.), after a total of 700 ug. it fell to 0.5 ug. 
(0.165 ywg/kg.), and after a total of 1.2 mg. (0.4 
mg/kg.), it had fallen to 0.25 ug. (0.085 wg/kg.) of 
adrenaline. Further doses of cocaine failed to lower 
the threshold but produced the same effect as large 
doses of methamphetamine, i.e., gradual diminution 


control 


in the frequency of spindles and replacement with the 
EEG pattern of alert wakefulness. 

The blood pressure effects of cocaine also 
resembled those of methamphetamine since 
the drug produced only a sustained rise of 
low magnitude, but sensitized the animal to 
the blood pressure effects of adrenaline in a 
fashion parallel to the EEG effects. 


5. Serotonin 


No attempt was made to carry out a 
detailed investigation of the central effects 
of serotonin. However, it was administered 
to several animals (with and without mid- 
reticular coagulation) in order to see whether 
its effects were in any way comparable to 
those of adrenaline. On a weight basis it 
required between 20 and 40 times as much 
serotonin (5-30 pe/keg.) to produce any EEG 
effect at all, but the comparison is inexact 
since the central effects of serotonin differ 
both qualitatively and quantitatively from 
those of adrenaline. The first effect noted 
was a period of EEG activation, often quite 
brief, followed by a period of deactivation 
sometimes resembling normal sleep, but often 
including a certain amount of high voltage 
delta activity ; when the dose was high enough, 
this was followed by a second period of activa- 
tion, after which the record returned to its 
resting state. The observed blood pressure 
changes were only slight and ineluded a brief 
rise followed by a longer fall. 
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DISCUSSION 


It will be seen that the drugs under dis- 
cussion seem to fall into three categories with 
respect to their effect upon EEG activation. 

The first group of drugs may be termed 
adrenaline congeners, and of the agents in- 
vestigated includes adrenaline itself, noradren- 
aline, and phenylephrine. This group is char- 
acterized by producing a clearcut, prompt 
and reproducible EEG activation upon the 
preparation described. The effects are short 
lasting, there is no tachyphylaxis, and the 
threshold to other related agents is not in- 
fluenced. Compared quantitatively, adren- 
aline and noradrenaline are equally effective ; 
phenylephrine is less so, but its central effects 
resemble its peripheral effects in that intensity 
suffers more by comparison than duration of 
action. 

The second group will be termed adren- 
aline potentiators or sensitizers, and cocaine 
is the only agent so far tested which seems 
to fall into this category. A suitable intra- 
venous dose of this drug produces no percep- 
tible change in the EEG, but is nonetheless 
not without effect, since at the same time it 
may lower the threshold to adrenaline EEG 
activation tenfold, the degree of threshold 
lowering being proportional to the total dose 
of cocaine administered over a period of time. 
These potentiating effects last for hours and 
separate doses are additive in their effects. 
Finally, if the total accumulated dose is high 
enough, ‘‘spontaneous’’ EEG activation of a 
prolonged and tonie nature supervenes, the 
preparation ‘‘ wake up’’, and further observa- 
tions upon EEG activation are impossible. 
The sleep record may be quickly restored how- 
ever with barbiturates. 


The third group is simply a combination 
of the first two, the combined congener-poten- 
tiators, of which methamphetamine is the 
present example. This drug does produce an 
immediate EEG activation, but the dose re- 
aquired is much larger than the range of the 
first group, showing that its adrenaline-like 
properties are clearly quite weak. Further- 
more, the drug exhibits tachyphylaxis, so that 
after a few injections an immediate response 
is no longer detectable. However, it shares 
with cocaine the property of lowering the 


414 


adrenaline threshold; it was lowered more 
than tenfold in the experiment cited; on one 
oceasion it was lowered to 13 myg/ke., a 
remarkably low figure. Like cocaine, metham- 
phetamine, onee the accumulated dose is high 
enough, produces sustained EEG activation. 
Thus both agents are seen to possess powerful 
adrenaline-potentiating effects, methamphet- 
amine being the more potent on a weight basis. 

A qualitative parallelism was observed be- 
tween the effects of the various agents upon 
the EEG and upon the blood pressure. All 
members of the first group showed the same 
prompt, reproducible kind of effect (without 
tachyphylaxis) upon the blood pressure as 
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central nervous system effects and for the 
peripheral vascular effects as well. The EEG 
and blood pressure effects of all five sym- 
pathomimetic drugs are summarized in table I. 


Correlation with known clinical effects. 

It is apparent that the two drugs studied 
having conspicuous central nervous system 
stimulating properties clinically — metham- 
phetamine and cocaine — are powerful adren- 
aline potentiators, while the two drugs which 
are described as being largely free from cen- 
tral effects clinically phenylephrine and 
noradrenaline — lack this capacity to poten- 
tiate altogether, even though they are both 
effective adrenaline congeners. Adrenaline 


TABLE I 


Roughly quantitative comparison of the effects of five sympathomimetic agents (1) as recognized elin- 


ically and (2) as observed experimentally upon the central nervous system and circulatory 


anesthetized cats with mid-reticular coagulation. 


system of un- 


Central effects 


Vascular effects 


Immediate Delayed Adrenaline Prolonged Anxiety, Immediate Sustained Adrenalin 
EEG EEG poten- wakeful- irrita- pressor pressor poten- 
aetivation activation, tiation ness bility response response tiation 
prolonged 
Adrenaline ++ + + 0 0 0 ++++ +++ 0 0 
Noradrenaline +++ + 0 0 0 so +e > + 0 0 
Phenylephrine +> > 0 0 0 0 >> 0 0 
Methamphetamine +* tte +t t+teke +444 + + * a + +++ + 
Cocaine 0 Tt + +374 +444 a 0 + + ++ + + 


* Shows tachyphylaxis. 


they did upon the EEG, although there were 
quantitative differences. The effect of meth- 
amphetamine upon blood pressure was feeble 
and showed tachyphylaxis, like its effect upon 
the EEG. Both cocaine and methamphet- 
amine sensitized the preparation to the pres- 
sor effects of adrenaline in a manner parallel 
to their ability to potentiate the adrenaline 
EEG response, and when given in sufficient 
dosage to produce a sustained EEG activation 
both agents also produced mild but sustained 
elevation in blood pressure. This suggests 
that the qualitative characterization of the 
three groups — congeners, potentiators, and 
congener-potentiators — holds both for the 


itself does have central effects, but they are 
of a different sort than methamphetamine and 
cocaine, and this point will be taken up 
separately below. 

Excellent correlation is thus found _ be- 
tween adrenaline potentiation, sustained EEG 
activation in larger doses, and the clinical 
property of producing prolonged arousal, 
wakefulness, and freedom from fatigue. On 
the other hand, the adrenaline congeners 
produce only a brief EEG activation after 
intravenous injection, have no adrenaline 
potentiating effects and clinically produce no 
noticeable wakefulness or other similar effect 
in the usual dosage. 
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Possible mechanism of action. 

It has already been suggested that a com- 
ponent within the reticular activating system 
is adrenergic and that it exerts a tonic effect 
upon arousal mechanisms (Rothballer 1956). 
This component must consist of adrenoceptive 
(adrenaline-sensitive) elements and adrener- 
gic (adrenaline or noradrenaline-producing ) 
elements. Stimulation of the adrenoceptive 
elements with ensuing EEG activation and 
arousal may be accomplished either by sup- 
plying the essential neurohumor or one of 
its congeners from without (eg., via the 
blood stream), or by sensitizing the adreno- 
ceptive elements so that they respond in an 
exaggerated fashion to adrenergic neuro- 
humors already present — neurohumors pro- 
duced presumably by the tonically active 
adrenergic elements of the component, al- 
though the role of the small amounts of 
eatechol amines normally present in the blood 
stream and interstitial tissues cannot be 
ignored. It is proposed that increased activity 
of the reticular activating system is achieved 
clinically not in trying to supplant its adren- 
ergic neurohumor by administering adrenaline 
or its congeners systemically (which results in 
only the briefest effect, and at the expense of 
unpleasant and dangerous circulatory and 
central side effects), but by sensitizing the 
brain stem arousal mechanisms with adren- 
ergic potentiators like cocaine to the adren- 
ergic transmittor substances being produced 
locally in the brain stem itself. 

Further in favor of the hypothesis that it 
is the adrenaline-potentiating rather than the 
adrenaline-mimicing properties which are im- 
portant for these prolonged effects is the fact 
that methamphetamine is only a weak con- 
gener showing tachyphylaxis, and cocaine 
lacks the property altogether. 

Sinee cocaine has no effect upon denervated 
adrenoceptive structures (e.g., the iris), in 
the absence of added adrenergic substances, it 
it generally felt that it acts exclusively by 
potentiating rather than by mimicing the 
transmittor substance. Since it is so effective 
both experimentally and clinically in produc- 
ing the EEG and behavioral effects just de- 
scribed, it becomes necessary to postulate some 
source of adrenergic neurohumor in the vicin- 
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ity of the adrenoceptive elements if the activ- 
ity of cocaine is to be related to its known 
adrenergic potentiating properties at all. As 
mentioned, a group of adrenaline or noradren- 
aline producing neurones in the reticular 
formation has been postulated as the necessary 
source — corresponding to the finding of nor- 
adrenaline and adrenaline in these same re- 
gions (Vogt 1954) — although other extra- 
cerebral sources cannot be entirely ruled out. 

It should be noted that although noradren- 
aline and phenylephrine have negligible cen- 
tral effects clinically, adrenaline itself does 
have central stimulating effects, but of a 
somewhat different character than metham- 
phetamine and cocaine. The central stim- 
ulating effects of these latter drugs is rather 
‘*physiologic’’ in moderate doses, and distinct- 
ly pleasant, and indeed they may become 
habit-forming or even addicting. The sub- 
jective effects of adrenaline on the contrary 
are distinctly unpleasant — anxiety, irritab- 
ility, tremor, palpitation. Some of these com- 
plaints are not of central origin at all (pal- 
pitation) ; the others bear a superficial resem- 
blanee to the effects of methamphetamine or 
its overdosage, but also reproduce the very 
sort of emotional state in which adrenaline is 
ordinarily released (fear, rage). This irritab- 
ility or excitement is not necessarily the psy- 
chological counterpart of EEG arousal or 
even an exeess of it. Since the EEG activating 
effects and the production of irritability do 
not run parallel, the two actions are apparent- 
ly not directly related, and it must be con- 
eluded that that capacity of adrenaline to pro- 
duce irritability or anxiety represents a sep- 
arate action from its EEG activating effect, 
one possessed to a much lesser extent by nor- 
adrenaline and phenylephrine. That adren- 
aline and noradrenaline should be different in 
this regard is not surprising when one recalls 
that they are called forth from the adrenal 
medulla under quite different circumstances 
(von Kuler and Folkow 1953), and that cen- 
ters for their release seem to have separate 
eentral representations (Folkow and von 
Euler 1954). These unique stimulating prop- 
erties of adrenaline may be due to activation 
of auxiliary mechanisms dealing with the cen- 
tral response to emergency situations and may 
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be related to functional systems such as those 
within the hypothalamus which have been 
shown to respond to adrenaline (Porter 1952). 
It should be recalled that the content of sym- 
pathin within the brain stem reticular forma- 
tion is due almost entirely to its noradrenaline, 
not adrenaline, content (Vogt 1954). 

In summary, adrenaline and its congeners 
do not produce sustained arousal clinically, 
but do produce anxiety and irritability to dif- 
ferent degrees. This is looked upon as an 
effect unrelated to simple EEG activation. On 
the other hand, cocaine and methamphetamine, 
adrenergic potentiators, produce a clinical 
state of prolonged wakefulness and freedom 
from fatigue which is more lkely the true 
behavioral counterpart of EEG activation. It 
is suggested that EEG activation and behav- 
ioral arousal are attained clinically by sen- 
sitizing the brain to the adrenergic substances 
which it itself produces — in which ease the 
pharmacologic effects are confined largely to 
a single set of systems within the central 
nervous system — rather than by supplying 
adrenergic substances from without. 


Other studies lend support to this concept. 
Bradley (1953) has been able to show in the 
intact cat bearing implanted electrodes that 
amphetamine produces increased behavioral 
signs of alertness accompanied by EEG activ- 
ation (in contrast to physostigmine, which 
induced EEG activation without any conco- 
mitant behavioral change). Furthermore, 
amphetamine was able to induce sustained 
EEG activation in the encéphale isolé pre- 
paration, but not in the cerveau isolé, lead- 
ing him to conclude that this drug acts 
through ponto-mesencephalic brain stem struc- 
tures, specifically, the reticular activating 
system. Hiebel, Bonvallet and Dell (1954), 
using Maxiton (a levo-isomer of amphetamine 
with central stimulating properties but with- 
out peripheral sympathomimetic activity) 
were able to show that this drug is capable 
of increasing the responsiveness of the retic- 
ular activating system to both sensory im- 
pulses and adrenaline, with the added ad- 
vantage that its effects were purely central 
and uncomplicated by peripheral sympathetic 
stimulation, and they suggested a_ similar 
mechanism of action. 


Serotonin. 

Serotonin is found within the nervous sys- 
tem in the same regions in which adrenaline 
and noradrenaline are encountered (Amin, 
Crawford, and Gaddum 1954). It was admin- 
istered to intact cats and those with mid-retic- 
ular coagulation to see whether it shared the 
similarity shown by adrenaline and noradren- 
aline in their EEG effects. Although serotonin 
did affect the EEG, there were important dif- 
ferences both quantitatively and qualitatively 
between it and adrenaline. It required much 
larger doses (comparing adrenaline HCl and 
serotonin creatinine sulfate on a weight basis) 
to produce any change in the EEG, and the 
change was different from that produced by 
adrenaline; the responses actually were some- 
thing like mirror images of one another: sero- 
tonin produced a brief EEG activation, then 
a longer predominating period of deactiva- 
tion, sometimes with abnormal slow waves, 
then followed, after high doses, by a second 
brief period of activation. From the present 
studies it is possible to conclude only that the 
cat EEG can be influenced by serotonin, pos- 
sibly via the reticular activating system; the 
significance of these findings remains obscure. 


SUMMARY AND CONCLUSIONS 


A series of sympathomimetic agents and 
related substances were tested for their effect 
upon the EEG and blood pressure of the un- 
anesthetized cat with mid-reticular coagula- 
tion. Adrenaline, noradrenaline, and phenyl- 
ephrine all produced prompt, short-lasting 
and reproducible EEG activation and rise in 
blood pressure, but showed certain quantita- 
tive differences. Methamphetamine produced 
a feeble direct effect upon the EEG and blood 
pressure, and both responses showed tachy- 
phylaxis. Both methamphetamine and cocaine 
were able to lower the threshold to adrenaline 
EKG activation ten-fold or more, and in large 
enough cumulative doses produced a sustained 
EEG activation which was abolished by fur- 
ther destruction of the mesencephalic teg- 
mentum. Serotonin produced alternate phases 
of EEG activation and deactivation dissimilar 
in pattern to that produced by the sympatho- 
mimetic agents. 
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It is postulated that the central nervous 
system stimulating properties of methamphet- 
amine and cocaine observed clinically are due 
to their sensitizing effect upon an adrenergic 
component of the reticular activating system. 


REFERENCES 


AMIN, A. H., CRAWFoRD, T. B. B. and GAappum, J. H. 
The distribution of substance P and 5-Hydroxy- 
tryptamine in the central nervous system of the 
dog. J. Physiol., 1954, 126: 596-618. 

BONVALLET, M., DELL, P. et HIEBEL, G. Tonus sym- 
pathique et activité électrique corticale. EEG 
Clin. Neurophysiol., 1954, 6: 119-144. 

BRADLEY, P. B. The effect of some drugs on the 
electrical activity of the brain in the cat. EEG 
Clin. Neurophysiol., 1953, 5: 471. 

DELL, P., BONVALLET, M. et HUGELIN, A. Tonus 
sympathique, adrénaline et controle réticulaire de 
la motricité spinale. EEG Clin. Neurophysiol., 
1954, 6: 599-618. 

von EuLER, U. S. und FoLKow, B. Einfluss verschie- 
dener afferenter Nervenreize auf die Zusammen- 
setzung des Nebennierenmarkinkretes bei der 


Katze. Arch. exp. Path., Berlin, 1958, 219: 242- 
247. 

FoLkow, B. and von EULER, U. S. Selective activa- 
tion of Noradrenaline and Adrenaline producing 
cells in the cat’s adrenal gland by hypothalamic 
stimulation. Circulation Research, 1954: 2: 191- 
195. 

GOODMAN, L. S. and GILMAN, A. The Pharmacological 
Basis of Therapeutics, New York, The Maemillan 
Co., 1955. 

HIEBEL, G., BONVALLET, M. and DELL, P. Sympa- 
thetic tonus, central electrical activity and waking 
state. Effects of chlorpromazine (Largactil) and 
of a dextrorotatory benzedrine. EEG Clin. Neu- 
rophysiol., 1954, 6: 160. 

PaGE, I. H. Serotonin (5-Hydroxytryptamine), Phys- 
iol. Rev., 1954, 34: 563-588. 

PorTER, R. W. Alterations in electrical activity of 
the hypothalamus induced by stress stimuli. Amer. 
J. Physiol., 1952, 169: 629-637. 

ROTHBALLER, A. B. Studies on the adrenaline-sensitive 
component of the reticular activating system. 
EEG Clin. Neurophysiol., 1956, 8: 603-621. 

Voct, M. The concentration of sympathin in dif- 
ferent parts of the central nervous system under 
normal conditions and after the administration 
of drugs, J. Physiol., 1954, 123: 451-481. 


Montreal Neurological Institute. Reprint No. 553. 


Reference: ROTHBALLER, A. B. The effect of phenylephrine, methamphetamine, cocaine, and serotonin upon 
the adrenaline-sensitive component of the reticular activating system. EEG Clin. Neurophysiol., 1957, 


9: 409-417, 


" : ie te Bk lel begin — = = _ Ae wa —_ ~~ w* GQ + EL = “QO DD = CO 


MECHANISMS INVOLVED IN THE INTERACTION OF VARIOUS 
CENTRAL STIMULANTS AND RESERPINE 


E. B. Sicc, M.D. and J. A. SCHNEIDER, M.D.. 


Research Department, Ciba Pharmaceutical Products, Inc. 


Summit, New Jersey 


(Received for publication: October Ist, 1956) 


On the basis of his recent investigations 
Gloor (1955) expressed the view that the 
normal function of the amygdaloid complex 
is flexible and discrete; it modulates autono- 
mic, somatic and behavioral mechanisms. <Ac- 
cording to Naquet’s (1953) findings, somatic, 
autonomic and behavioral changes after amyg- 
daloid stimulation become manifest only when 
paroxysms are present in the rhinencephalon. 
This is interesting since similarities have been 
reported between an animal undergoing rhi- 
nencephalic seizures and one under the in- 
fluence of reserpine (MacLean et al. 1956). 
When Plummer et al. (1956) reported that 
the tranquilizing effect of reserpine could 
be antagonized effectively by administra- 
tion of methylphenidate (Ritalin™), a central 
stimulant, the question arose whether this 
antagonism might be associated with an in- 
hibition of seizures in the limbie system. The 
present study was designed to investigate pos- 
sible influences of brainstem stimulation eli- 
cited by electrical and pharmacological means 
on evoked rhinencephalic after-discharges, 
thalamocortical recruiting responses and the 
spontaneous electroencephalogram in control 
and reserpine-treated animals. 


MATERIALS AND METHODS 


Forty-two adult cats of both sexes were 
used. Their weight ranged from 2.8 to 3.6 ke. 
The spinal cord was transected under ether 
at C, (enecéphale isolé). The animals were 
then maintained under artificial respiration. 
The cortex was exposed and covered with 
mineral oil immediately after opening the 
dura. Subeortical stimulating and recording 
electrodes of the bipolar concentric type (in- 
ter-electrode distance 1 mm.) were placed 
with the stereotaxic instrument in the amyg- 
dala, hippocampus, mesencephalic reticular 


formation and/or non-specific thalamic nu- 
clei using the cat brain atlas of Jasper and 
Ajmone-Marsan. Bipolar silverball electrodes 
with an inter-electrode distance of 2-3 mm. 
served for recording from the ipsilateral cor- 
tical surface. The potentials were amplified 
and recorded with an 8-channel Mederaft elec- 
troencephalograph. Electrical stimulation was 
earried out with a square wave generator 
(Grass Model 84). The following tests were 
performed : 

1. Rhinencephalic paroxysms were elicited 
at 10 min. intervals for 4 see. with a standard- 
ized frequency of 40 p/sec., the voltage rang- 
ing from 4-8 and the duration from 0.5 to 
1 msec. In this way reproducible localized 
seizures of similar duration could be evoked 
from the amygdala or hippocampus. 


2. Recruting responses were evoked by 
stimulation of the nonspecific thalamic nuclei 
at 10 sec. intervals with a frequency of 
8-11 p/sec., the voltage and duration of the 
individual pulse varying from 4-10 V. and 
from 0.5 to 1 msec. respectively. 

3. The mesencephalic reticular formation 
was stimulated at 150 p/sec. with 2-5 V. the 
pulse duration being 1 msec. and the time 
interval between stimulation 10 to 15 min. 


Generally the control records were taken 
1 hour after the termination of the ether 
anesthesia. Controls were considered suffi- 
cient when the above mentioned tests gave the 
same responses for at least three times. 
Animals which showed signs of brain damage, 
failure of circulation or did not otherwise 
meet the requirements of the control condi- 
tions were discarded. The vascular state of 
the animal was judged by the EKG or the 
blood pressure and the appearance of the 
pial vessels. 
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The following drugs were injected intra- 
venously through a cannula in the femoral 
vein: reserpine phosphate, amphetamine sul- 
fate, methylphenidate (Ritalin™), pipradol 
hydochloride, ibogaine (Bogadin™), an indole 
alkaloid from Tabernanthe iboga with central 
stimulant properties (Schneider and Sigg 
1956) and lysergie acid diethylamide. Only 
one drug was injected in each preparation 
except in cases where the effect of central 
stimulants was studied in reserpine-treated 
animals. The dosage given will be indicated 
for each drug in the text. At the end of each 


eaused a slight prolongation of electrically 
evoked rhinencephalic after-discharges with- 
out affecting the spontaneous electrocortico- 
gram, the arousal reaction and the thalamo- 
cortical recruiting response. In a_ higher 
dose range (0.5 to 1 mg/kg.) a slight shift in 
the frequency spectrum to the fast side was 
observed and the evoked limbie paroxysms 
were significantly prolonged (fig. 1). The 
thalamo-cortical recruiting response remained 
within the limits of the control values. The 
changes mentioned above began to occur ap- 
proximately one-half hour after the injection 


THE EFFECT OF RESERPINE ON RHINENCEPHALIC SEIZURES 
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The effect of reserpine on rhinencephalic seizures: ‘‘encéphale isolé’’ 
preparation of the cat. Bipolar recording from the sensory motor area (A) 
and from the amygdala (B). Seizures were evoked by stimulation of the 
hippocampus for 4 sec. at 40 p/sec., 1 msec. duration and 6 V. A control 
record was followed by recordings 15, 30, 60, 70 and 102 sec. after the 
end of rhinencephalic stimulation. (I) shows the course of a localized 
seizure under control conditions. (II), (III), (IV) represent records 5, 
25 and 55 min. respectively after intravenous administration of 1 mg/kg. 
reserpine phosphate. Note the prolongation of the electrically evoked seizure 
from 30 sec. in the control (I) to 102 (IV) sec. 55 min. after the injection. 
Note also the slight increase in low voltage — fast frequency activity in 
the control records (III and IV) 25 min. after injection of reserpine. 


experiment the completeness of the spinal 
transection was checked. Since rhinencephalic 
Seizures, recruiting responses and arousal 
from the mesencephalic reticular formation 
were always elicited from the same coordi- 
nates, and the responses with their typical 
criteria were constantly obtained, only occa- 
sional histological checks of electrode posi- 
tions were performed. 


RESULTS 


Six ‘‘encéphale isolé’’ preparations re- 
ceived various doses of reserpine phosphate. 
In a dose of 0.3 to 0.5 mg/kg. reserpine 


of reserpine and reached a maximum after 1 
to 1.5 hours. In 3 animals which were pre- 
treated with 1 to 3 mg/kg. of atropine intra- 
venously, the desynehronization of the cor- 
tical potentials after reserpine failed to oc- 
eur. Atropine did not conclusively alter 
rhinencephalic seizure activity induced by 
electrical stimulation in control and reserpine- 
treated cats although the variability of the 
response was greater. The characteristic ef- 
fect of reserpine on the rhinencephalon and 
the electrocorticogram, with no significant 
influence on the thalamo-cortical recruiting 
response, was mimicked by electrical stimula- 
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tion of the hippocampus in 4 untreated an- 
imals. Thus it was found that under optimal 
conditions the electrocorticogram and _ the 
thalamo-cortical recruiting phenomena could 
remain completely unaffected during rhinen- 
cephalic seizure activity (fig. 2). 


In addition it was observed that high fre- 
quency stimulation of the mesencephalic re- 
ticular formation at low intensities, barely 
sufficient to induce cortical desynchroniza- 
tion, did not necessarily interfere with rhinen- 
cephalic after-discharges or with’ thalamo- 


Rhinencephalic Convulsive Activity And Thalamo-Cortical Recruiting Response 


Rhinenecephalie convulsive activity and thalamo-cortical recruiting response: 
‘‘enecéphale isolé’’ of the cat. (A) shows a control record in which thalamo- 
cortical recruiting responses were evoked by electrical stimulation of co- 
ordinates frontal 11, lateral 2 (n. centralis lateralis) at 11 p/sec., 5 V., 
0.5 msee. duration. (B) demonstrates that the recruiting response is not 
altered during rhinencephalic seizures elicited after stimulation of the 
hippocampus for 4 see., 40 p/see., 1 msec. duration and 6 V. The recording 
leads are: (1) heart rate, (2) association cortex, (3) anterior sigmoid 
gyrus, (4) posterior end of lateral gyrus, (5) and (6) electrodes in the 
amygdaloid complex at frontal 14, lateral 9, (7) stimulus artefact (thalamic 


stimulation). 
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cortical recruiting going on at the same time. 
However, with increasing intensity of brain- 
stem stimulation, thalamo-cortical recruiting 
responses diminished and the evoked rhinen- 
cephalic seizures became shorter and finally 
suppressed (fig. 3). Quite similar results, 
although less constant, were obtained when 
the reticular formation was stimulated by 
pharmacological means. All the central stim- 
ulants tested exhibited in the majority of 
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limbic seizures nearly unaffected. Essentially 
the same findings resulted from experiments 
in which amphetamine (0.5 to 3 mg/kg. in 4 
control and 2 reserpine-treated cats) and pi- 
pradol (3 to 5 mg/kg. in 3 control and 2 
reserpine-treated preparations) were em- 
ployed. With ibogaine injected in doses of 
2 to 5 mg/ke. the results were not as clearcut. 
Although the recruiting response was con- 
sistently suppressed and the electro-cortico- 


influence Of Brainstem Stimulation On Rhinencephalic After-discharges 
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Fig. 3 
The influence of brainstem stimulation on rhinencephalic after-discharges: ‘‘encéphale isolé’’ 
of the cat. (A) is a control record; the leads of recording: (1) middle suprasylvian gyrus, 
(2) posterior cruciate gyrus, (3) and (4) recording points in the amygdala at frontal 14 
and 15 respectively, lateral 9. (B) shows the slight cortical activation and the paroxysms 
in the deep leads evoked -by stimulation of the hippocampus for 4 sec. at 40 p/sec., 0.5 msec. 
duration and 4 V. (C) represents a record after stimulation of the mesencephalic reticular 
formation at 150 p/sec., 4 V., 0.5 msec. duration and 4 V. for 10 sec. and of the hippocampus 
with the same parameters as in B. Note that after the simultaneous end of both stimulations 
the record shows complete suppression of the limbic seizures and the occurrence of the 


‘“arousal reaction’’ in the electrocorticogram. 


experiments the same features; thus methyl- 
phenidate considerably diminished not only 
the recruiting response (fig. 4) but also 
suppressed the evoked hippocampal seizures 
in 4 control and 4 reserpine-treated animals 
in dose ranges of 3 to 5 mg/kg. (fig. 5). 
Again, however, lower doses (2 to 3 mg/kg.) 
would often desynchronize the electrocortico- 
gram, leaving recruiting responses and evoked 


gram activated (fig. 6), the evoked ‘rhinen- 
cephalic seizure discharges were not altered 
in one, prolonged in 2 and shortened in 3 
control preparations. Lysergic acid diethyl- 
amide which was tested in this connection be- 
cause of its known excitatory effect on the 
brainstem reduced thalamo-cortical recruit- 
ing promptly in doses of 30 to 50 pg/kg. 
without influencing the duration of evoked 
limbie paroxysms. 
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The Effect Of Methylphenidate (Ritalin) On The Thalamo-cortical Recruiting Response 


Fig. 4 


The effect of methylphenidate on the recruiting response: ‘‘ encéphale isolé’’ 
preparation of the cat. (A) represents the control record. The recruiting 
response was evoked by stimulation of the n. centralis lateralis at 9 p/sec., 
1 msec. duration and 7 V. (B) demonstrates the effect 3 mg/kg. methyl- 
phenidate 19 min. after the injection. Note particularly the reduction in 
the recruiting response in lead 3 and 4 and the occurrence of low voltage 
— fast wave activity. The recording points are: (1) heart rate, (2) 
vicinity of the ansate sulcus, (3) anterior suprasylvian gyrus, (4) posterior 
end of the middle suprasylvian gyrus, (5) stimulus artefact. 


REDUCTION OF RHINENCEPHALIC SEIZURES BY METHYLPHENIDATE (RITALIN) IN RESERPINIZED CAT 
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Fig. 5 


Reduction of the rhinencephalic seizures by methylphenidate (Ritalin) in 
the reserpinized cat: ‘‘eneéphale isolé’’ preparation. The animal received 
0.5 mg/kg. reserpine phosphate the day prior to the experiment and another 
dose of 1 mg/kg. i.v. 3 hours before spinalization. Bipolar recordings from 
the sensory motor area (B) and monopolarly from the amygdala (A). 
Seizures were evoked by stimulation of the hippocampus for 4 sec. at 40 
p/see., 1 msee. and 8 V. A control record was followed by recordings 12, 
30 and 46 see. after the termination of rhinencephalic stimulation. (I) 
Shows the course of a localized seizure of a cat under reserpine. (IT) 
Represents a record taken 7 min. after the end of a slow infusion of 4 
mg/kg. methylphenidate. Note the reduction in seizure duration. Seventeen 
minutes after the infusion of methylphenidate is terminated. (III) The 
duration of the seizure is back to control level. The full length of seizure 
duration in record (I) and (II) was 125 and 138 sec. respectively and 
is not shown in the figure. 
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Fig. 6 
The effect of ibogaine on the thalamocortical recruit- 
ing response: ‘‘encéphale isolé’’ of the cat. (A) 


control. (B) 8 min. after intravenous administra- 
tion of 5 mg/kg. ibogaine. Recording electrode: 
middle suprasylvian gyrus. Recruiting responses were 
evoked at 9 p/sec., 6 V., 1 msec. duration (coordinates 
frontal 11, lateral 2). 


DISCUSSION 


Reserpine prolongs evoked rhinencephalic 
seizures significantly although seizures in- 
duced by reserpine alone did ‘not occur as 
frequently in our experiments as those re- 
ported by other authors (Killam and Killam 
1956; MacLean et al. 1956). LSD which pro- 
longed rhinenecephalic seizure activity in in- 
tact, curarized animals, failed to do so under 
the experimental conditions employed in this 
study. The reason for this discrepancy might 
well lie in the preparation used. The rhi- 
nencephalon is a pool into which afferent im- 
pulses of all kinds of modalities enter (Green 
and Adey 1956). It is well known that af- 
ferent impulses are able to aggravate pre- 
existing convulsions or even to precipitate 
them (Gellhorn 1953). Both reserpine (Sch- 
neider et al. 1955) and LSD (Sigg 1956 1) 
were shown to have a stimulating effect on 
the reflex activity of the spinal cord. Ascend- 
ing influences from the spinal cord are ex- 
eluded in the ‘‘encéphale isolé’’. Further- 
more, feedback mechanisms which might be 
partly responsible for maintaining seizure 
activity may also be interrupted. Such an in- 
terpretation seems justified from another not 
infrequent observation that electrophysiolo- 
gical changes after administration of central 
stimulants do not persist as long in spinal 
animals as they do in intact ones. 


1 Unpublished observation. 
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The fact that reserpine causes desynchro- 
nization of the electro-corticogram when given 
at higher doses, the observation of a diminish- 
ed recruiting response in the rabbit (Gangloff 
and Monnier 1955) and the occasional ob- 
servation of early excitement in an intact 
conscious cat under reserpine suggest an ac- 
tivation of brainstem arousal mechanisms 
(Rinaldi and Himwich 1953). This is corro- 
borated by the finding that atropine, by block- 
ing the brainstem arousal mechanism (Rinaldi 
and Himwich 1955), not only prevents the 
occurrence of cortical fast wave activity in 
reserpinized cats but also enhances the tran- 
quillizing effect of reserpine in mice (Tripod 
et al. 1954). Sinee atropine neither alters 
electrically evoked limbic seizures in untreated 
control animals (Longo 1956) nor prolongs 
them in reserpinized eats, its reserpine-poten- 
tiating action seems not to be exerted at the 
rhinencephalic level. 


From the data it seems feasible to put 
forward the hypothesis that reserpine has a 
stimulating effect on various brain structures 
which serve different and even opposite fune- 
tions. Thus rhinencephalic seizures lead to 
‘‘inhibitory’’ symptoms such as reduction of 
emotional expression, apathy, arrest of activity 
and loss of contact with environment (Hun- 
ter 1950; Kaada and Jasper 1952; Segundo 
et al. 1955; Andy and Akert 1955). Brain- 
stem stimulation, on the other hand, causes 
alertness and increased activity (Moruzzi and 
Magoun 1949; Ingram 1952). The typical re- 
serpine picture is reached when the former 
process outweighs the latter. The action of re- 
serpine on brain regions other than the limbic 
system and the brainstem can, of course, not 
be excluded. 

The fact that central stimulants and elec- 
trical stimulation of the brainstem diminish 
thalamo-cortical recruiting responses and 
suppress seizure activity finds ample support 
from analogous observations cited in the 
literature. Several authors have reported 
that it is difficult to reeord recruiting re- 
sponses in aroused animals (Jasper et al. 
1955) and that recruiting phenomena can be 
blocked by stimulation of the brainstem 
arousal system (Moruzzi and Magoun 1949). 
On the other hand, desynchronization of the 
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electrocorticogram is occasionally detected 
without alteration in the recruiting response 
indicating that extra-thalamic pathways might 
be utilized.in arousal (Starzl et al. 1951; 
Bremer and Terzuolo 1954). Purpura (1956) 
indicated that an inhibition of apical den- 
drites resulting from reticulo-cortical synaptic 
excitation is the mechanism underlying the 
arousal reaction. The concomitant diminution 
of the thalamo-cortical recruiting response 
during brainstem stimulation may be expected 
in view of the recently expressed opinion 
(Bishop and Clare 1955) that the recruiting 
response represents the consequence of an 
activation of axodendritic synapses. 

The finding that rhinencephalic seizures 
ean be inhibited by pharmacological or elec- 
trical brainstem stimulation is supported by 
similar observations cited in the literature. 
Thus, strychnine-evoked convulsive activity 
of the cortex can be stopped by stimulation 
of the ventral diencephalon (Lairy-Bounes 
et al. 1953; Arduini and Lairy-Bounes 1952). 
The anti-epileptic activity of amphetamine 
(Livingston et al. 1948) and the antagonistic 
effect of ibogaine (Schneider and Sigg 
1956) against electroconvulsive seizures pro- 
vides further evidence for the anticonvulsive 
influence of certain forms of brainstem activa- 
tion. 

Plummer et al. (1956) reported recently 
that methylphenidate arouses reserpine- 
treated dogs from drowsiness. This finding 
is important with regard to the question of 
whether certain central stimulants antagonize 
the action of reserpine at the rhinencephalic 
level or whether they activate arousal mech- 
anisms without counteracting the effects 
exerted by reserpine upon the rhinencephalon. 
The results presented indicate that both pos- 
sibilities exist: a mild electrical or pharmaco- 
logical activation of the brainstem arousal 
mechanism is possible without diminishing 
rhinencephalic high voltage repetitive dis- 
charges and without changing thalamo-cor- 
tical circuits. This degree of stimulation is 
desirable to prevent reserpine side effects 
such as depression and lack of drive and has 
already proved to be of clinical value (Carter 
1956). On the other hand, stronger stimula- 
tion can cause a suppression of rhinencephalic 
seizure activity and therefore might be ex- 


pected to lead to a complete antagonism of 
reserpine thereby abolishing its beneficial 
therapeutic effects. 


SUMMARY 


1. It has been confirmed that low doses 
of reserpine phosphate produce spontaneous 
seizures and facilitate evoked seizures in the 
rhinencephalon without affecting thalamo- 
cortical recruiting responses and electrocorti- 
cographie ‘‘arousal’’. 

2. The occurrence of cortical low voltage 
fast activity after administration of large 
doses of reserpine phosphate can be blocked 
by atropine. Atropine does not interfere with 
evoked rhinencephalic seizure discharges. 

3. Activation of the reticular system of the 
brainstem by electrical stimulation or admi- 
nistration of central stimulants such as am- 
phetamine, ibogaine, pipradol and methyl- 
phenidate exerts various graded effects ac- 
cording to stimulus intensity or dosage used: 

(a) *‘Low dose — low intensity’’ stim- 
ulation causes a cortical arousal reaction with 
little or sometimes no diminution of the 
thalamo-cortical recruiting response. Such 
stimuli do not influence the electrically evoked 
limbic paroxysms in either control or re- 
serpine-treated animals. 

(b) ‘‘Higher dose — higher intensity’’ 
stimulation provokes not only cortical fast 
activity but also causes a considerable diminu- 
tion of the thalamo-cortical recruiting re- 
sponse. It reduces the length of rhinen- 
cephalic seiZures in control and _ reserpine- 
treated animals. 

4. The possible mechanisms involved in the 
interaction of reserpine and central stimulants 
are discussed in the light of the clinical po- 
tentiality of drug combinations of this type. 
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INTRODUCTION 


The need for a substance less drastic than 
Metrazol for the activation of electroenceph- 
alographie seizure patterns is apparent. The 
tendency for Metrazol to provoke generalized 
seizures in patients who have not previously 
experienced them, or in those in which the 
habitual attack pattern is of a more limited 
nature, is recognized. So, too, is the non- 
specificity of the electroencephalographie dis- 
turbance engendered by its use in high dosage. 
Its tendency to stimulate the reticular activat- 
ing system, thus desynchronizing the electrical 
pattern of the brain and suppressing the very 
disturbance the elicitation of which is being 
sought, is undesirable. The same may be said 
for the ordeal to which the patient is subjected 
in the course of its administration. 

It is generally acknowledged that the ef- 
fects of chlorpromazine in which the electro- 
encephalographer is interested can be at- 
tributed largely to its action on the reticular 
activating system (Lehmann and Hanrahan 
1954; Terzian 1954; Hopkin and Buxton 
1955; Angeleri e¢ al. 1954; Longo ef al. 1954; 
Hiebel et al. 1954; Rothballer 1955). 

Alternative hypotheses have been advanc- 
ed (Decourt; Fessard; Grenell; all cited by 
Hopkin and Buxton 1955), but these are 
largely conjectural and strong, positive sup- 
porting evidence is not given for them by 
Hopkin and buxton in their article. 

Some authors have commented on the sue- 
cessful use of chlorpromazine to control seiz- 
ures (David et al. 1953; Winkelman 1954; 
Moyer et al. 1955; Kinross-Wright 1955; Head 
1955; Paraire cited by Giacobini and Las- 
senius 1954). For reasons which vary with 
the report in question, the evidence is, as will 
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be shown, unconvincing. David et al. hypo- 
thecated a potentiating effect of the drug on 
the action of the barbiturates to explain its 
anticonvulsant activity. | 

Bonafede (1955) concluded that chlor- 
promazine does not reduce seizure frequeney 
when maintenance therapy of phenobarbital 
or Dilantin is reduced. 

Longo and colleagues (1954) found that 
chlorpromazine antagonizes the convulsive ae- 
tivity of nicotine in the rabbit, but not that 
of pentylenetetrazole or strychnine. 


An increase in frequency or the appear- 
ance of seizures in patients taking chlorpro- 
mazine has been noted (Giacobini and Lasse- 
nius 1954; Lehman 1955; Vaughan, Leiber- 
man and Cook 1955; Denber 1955; Sehlich- 
ther et al. 1956). However, Giacobini et al. 
felt that, when used in conjunction with the 
barbiturates, chlorpromazine potentiates their 
action. Lehmann and Schlichter et al. con- 
cluded that the fits precipitated in their cases 
resulted from cerebral anoxia. The evidence 
presented for the precipitation of seizures in 
patients who do not have, or are not likely 
to develop, epilepsy is, however, unconvincing 
and will be referred to again. 

Considerable evidence has been amassed 
to show that chlorpromazine in moderate 
doses does not induce epileptiform activity in 
the electroencephalograms of normal indi- 
viduals (Terzian 1954; Turner and Bérard 
1954; Monroe et al. 1955; Shagass 1955; Lie- 
berson 1956). 

The activation of epileptiform activity in 
the electroencephalographie tracings of pa- 
tients with seizures, following chlorpromazine 
administration, has been reported by a num- 
ber of authors (Castor and Bérard 1954; 
Bente and Itil 1954; Szatmari 1955; Turner 
et al. 1956). The last group of collaborators 
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express the view that the activating effects 
of chlorpromazine are produced by the induc- 
tion of sleep. These authors recommended use 
of the drug to obtain tracings, free of muscle 
and movement artifact, from tense patients or 
those with tics or tremors. Szatmari noted 
lowering of the Metrazol threshold and an in- 
creased sensitivity to hyperventilation follow- 
ing chlorpromazine administration. Benassi 
et al. (1953), on the other hand, noted no 
activating effect of the drug on epileptiform 
potentials. Terzian (1954) has reported pro- 
duction of a spike and wave pattern, follow- 
ing chlorpromazine administration, in record- 
ings from the strychninized cortex of the 
rabbit during photic stimulation. 


METHODS AND MATERIALS 


The present investigation was carried out 
on 50 epileptic in-patients on whom no intra- 
cranial surgery had been performed, 33 of 
whom were male. The ages ranged from 7 to 
56 years. Two were in the first decade, 13 in 
the second, 14 in the third, 14 in the fourth, 
4 in the fifth and 3 in the sixth. No patient 
under 7 years was accepted because of lack 
of certain knowledge as to what the proper 
dosage of chlorpromazine should be to achieve 
the desired results in such an individual, and 
for consequent fear of precipitating a serious 
toxic reaction through over-dosage. 


The only other criteria used in selection 
were that, insofar as possible, the clinical 
diagnosis of epilepsy in each ease had to be 
absolutely certain. No ease was selected in 
which there was even a remote possibility that 
the patient’s symptoms might be of hysterical 
or other origin. Also, no cases were examined 
less than 24 hours after a generalized, tonic- 
clonic, motor convulsion. 


In view of the type of institution in which 
this investigation was carried out, the patient 
group was weighted toward having a higher 
number of cases of medically intractable, focal 
epilepsy of long standing for consideration of 
possible surgical intervention, than would 
otherwise have been the case. Many of the 
patients had seizures which were of a sev- 
erely incapacitating nature, socially or other- 
wise. 
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One more comment seems appropriate. We 
restricted our material to in-patients because 
of a lack of personal familiarity with the 
nature of the side effects we might expect to 
obtain from the drug we were using. It was 
our desire to keep all patients under close 
observation in the hospital environment fol- 
lowing the examination, for their benefit as 
well as to further our own knowledge. 


The procedure used in investigating each 
patient was identical. A control record was 
run, the patient was given 50 mg. of chlor- 
promazine intramuscularly, and _ recording 
was resumed 20 min. later. Identically the 
same runs were used for comparison before 
and after administration of the drug, and all 
runs compared were of equal length. In 
general, the patients were asked to hyper- 
ventilate before and after chlorpromazine ad- 
ministration, and intermittent photic stim- 
ulation was carried out when appropriate. 
In evaluating the effectiveness of chlorpro- 
mazine in those eases in which other activat- 
ing procedures were used simultaneously, care 
was taken to ensure that the degree and 
duration of the second activating technique 
was the same in each of those comparable 
sections (before and after chlorpromazine ad- 
ministration) of the record in which it was 
used. 


Gains and filters used before and after 
administration of the drug being tested were 
the same. All records were analyzed visually, 
in most eases by electroencephalographers 
other than the author. Recording was carried 
out on 8 channel, push-pull, ink-writing oscil- 
lographs, either the Grass Model III A or 
the Offner Type D Dynograph, Series 63. 

No fewer than 17 electrodes were em- 
ployed in any ease, and in most, from 21 to 
23 were used. Both ear-reference and scalp- 
to-scalp recording methods were utilized. The 
electrodes were of chlorided silver covered 
with salt impregnated felt pads and secured 
to the scalp with collodion. 

Control studies employing a two e.¢. in- 
jection of sterile, isotonic saline solution in 
place of the chlorpromazine were carried out 
on 17 patients. 
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In the test group, the only variable which was attack frequency. The attack frequency 
correlated significantly with whether or not in the control group did not differ signifi- 
activation was obtained with chlorpromazine, cantly from that in the test group. 
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Fig. 1 
Samples of record obtained from a 46 year old male with centrencephalic seizures of grand 
and petit mal type who averaged one attack every two months. 
A. Before chlorpromazine. 
B. 43 min. after 50 mg. of the drug I.M. The gains on the second sample were lowered to 
avoid blocking of the amplifiers. 
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RESULTS 


Of the 50 cases in which chlorpromazine 
was employed, 28 showed increased abnor- 
mality in the electrical record following ad- 
ministration of the drug. This was signifi- 
eantly different from the control group of 
17 patients at the 0.02 level, since only 4 of 
these cases showed increased abnormality 
after the saline injection. 

In every case, the activation obtained was 
specific in the sense that it represented an 
exaggeration of abnormality already present 
in the control section of the record, or — in 
those cases in which no abnormality was 
present prior to chlorpromazine administra- 
tion — that which appeared following use of 
the drug was of such nature and localization 
as to correlate with clinical, pneumographic 
or other electroencephalographie (in which 
ehlorpromazine was not employed during any 
part of the recording) data. 

In only one case did the electroencephalo- 
graphic tracing appear to improve following 
chlorpromazine. This patient had an area of 
local cortical atrophy. 

In 5 eases, abnormality was recorded fol- 
lowing chlorpromazine where none had been 
present before on that particular examination. 
These included tumour suspect, centrenceph- 
alic and focal cortical atrophy cases. Exam- 
ples of these are shown in figures 1-3. 

It should be mentioned that in 5 of the 
eases in which both a diffuse and focal ab- 
normality was present in the control record, 
the chlorpromazine increased only the diffuse 
disturbances. The cases are, however, includ- 
ed in the activated group, since, in each ease, 
a specific (though non-focal) abnormality, 
which was present in the record prior to 
administration of the drug, became worse 
following its use. 
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Certainly in 4 and possibly in 5 cases, foeal 
seizures occurred following administration of 
the drug. In one ease, a generalized toniec- 
clonic, motor attack occurred as well. In 
every case, the attacks corresponded to those 
to which the patient was habitually aceustom- 
ed. In 3 of the 5 eases, the patient had had 
previous attacks that occurred on the day 
prior to examination. In only one ease — 
that in which it was uncertain whether or not 
the patient had an attack or a syncopal spell 
— did the last attack precede the examina- 
tion by more than 24 hours, and in this case 
one week had elapsed. Therefore, since all 
of these patients were having attacks at fairly 
short intervals, none of the attacks could be 
related with certainty to chlorpromazine ad- 
ministration and, in fact, it seems quite likely 
that none of them were. 


An attempt was made to determine whe- 
ther chlorpromazine had a tendeney to aec- 
tivate any specific, nosological. category more 
than others (table I). All but 14 of the 


TABLE I 
PROVISIONAL PATHOLOGICAL DIAGNOSIS 


Cortical Idiopathic Tumour 
atrophy (centren- 
cephalic ) 
Activated 14 6 3 
Not activated 7 2 4 


patients were found to fall into one of the 
following eategories: cortical atrophy, idio- 
pathie (centrencephalic) or tumour. Patients, 
in whom the diagnosis was uncertain, were 
still placed in that category in which they 
seemed to belong, for, had only those cases 
in which the diagnosis was absolutely certain 


Fig. 2 


Samples of record obtained from a 24 year old male with focal cerebral seizures, right Sylvian, 
due to local cortical atrophy produced by an hemangioma. The seizure pattern was somato- 
sensory and motor Jacksonian. The patient averaged 2 major attacks a year and 2 to 3 


minor attacks per month. 


A. Before chlorpromazine and one min. following a 5 min. period of hyperventilation. 


B. 68 min. following 50 mg. of the drug I.M. and one min. following a 5 min. period 
of hyperventilation. Clinical attack in progress. Note focal activity in right temporal 


region (T,). 
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been used, the numbers available for study 
would have been too small to subject to sta- 
tistical analysis. As it was, there was a trend 
toward a higher number of patients activated 
in the idiopathic group, but this was not 
sufficiently marked to be of statistical sig- 
nificance. 

Of those patients having a higher attack 
frequency than 5 per month, a significantly 
higher number (X? = 5.56) were activated 
than in the group having 5 attacks or less 
per month. It should be emphasized, however, 
that the attack frequency figure was the 
least accurate of those obtained. This was 
true because of inadequate information in 
the case history, uncertainty on the part of 
the patient as to the frequency of his attacks, 
obscurity as to what constituted a major and 
what a minor attack in any particular case 
and doubt as to whether the figure given 
represented major, minor or all attacks. In 
spite of this, any errors present would tend 
to randomize, and it is felt that the result 
must still be considered significant (table IL). 


TABLE II 
SEIZURE FREQUENCY 


5 attacks More than 5 
or less attacks 
per month per month 
Activated 19 10 
Not activated 17 2 


Body weight was found not to correlate 
significantly with whether or not activation 
was obtained. This determination was car- 
ried out in an effort to assess whether or not 
dosage should be sealed to patient weight for 
uniform effectiveness. 

It was felt that the question might be 
raised of chlorpromazine’s effectiveness being 
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due to its ability to produce sleep or drow- 
siness. For this reason an effort was made to 
determine whether a higher number of pa- 
tients were activated in the group who had 
nocturnal seizures than among those who did 
not. Though no statistically significant dif- 
ference in activation incidence between these 
groups was observed, still there was a trend 
toward greater likelihood of activation among 
those patients who had nocturnal attacks. 


In further pursuance of this point, caleu- 
lations were carried out to determine whether 
there was a significant correlation between 
the production of sleep and/or drowsiness 
by the drug and the presence of activation. 
Though none was found, there was a trend 
in this direction. Further comment will be 
offered on this point in the section devoted to 
discussion. 


The group was then examined to see if a 
higher number of patients with positive neuro- 
logical findings was activated than of patients 
with no neurological findings. No statistically 
significant difference was found. 


Strangely enough, abstinence from all 
anticonvulsant medication for a three day 
period or longer did not result in a higher 
incidence of activation. It is conjectured that 
this may, in part, have been due to a natural 
tendency on the part of the clinician to keep 
those patients who were having frequent at- 
tacks on their anticonvulsant medication re- 
gimes. As a result, two possibly opposing 
factors — high attack frequency tending to 
correlate positively with activation and con- 
tinuanee of anticonvulsant medication tending 
to correlate negatively with it — would have 
been operative in this group. 

Response to activation would thus be more 
like that obtained from the group off medica- 
tion than might otherwise be expected. 


Fig. 3 


Samples of record obtained from a 29 year old male with left temporal focal cerebral seizure 


due to local cortical atrophy of undetermined cause. 


The seizure pattern consisted of an 


epigastric sensation followed by masticatory movements and automatism. The patient averaged 


one attack per month. 
A. Before chlorpromazine. 


B. 32 min. after 50 mg. of the drug I.M. Note focal sharp wave disturbance in the left 


temporal region (T;). 
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Only one patient in the series of 50 could 
definitely be stated to have suffered an ortho- 
static syncopal episode as a result of drug 
administration. A second patient, however, 
had a spell which may have resulted from 
orthostatic syncope. The doubt in this parti- 
eular case arose because the patient’s cus- 
tomary attacks consisted of episodes which 
were very similar in appearance to simple 
syncopy. 

No higher incidence of activation was ob- 
served among these patients who experienced 
a fall of more than 10 mm. systolic in blood 
pressure as a result of their chlorpromazine 
injection. (B.P. was measured at the _ be- 
ginning and end of the examination with the 
patient in recumbent position. ) 


A greater than 10 mm. systolic fall in 
blood pressure, drowsiness and/or sleep and 
syncope were then grouped together under a 
single heading and an effort made to de- 
termine whether or not patients having one 
or more of these signs or symptoms were any 
more prone to activation than those not so 
affected. No. significant correlation was 
found, but it is of interest to note that of 
six patients showing both drowsiness and/or 
sleep and a greater than 10 mm. systolic ‘fall 
in blood pressure, five were activated (table 
IIT). 


TABLE III 


Drowsiness and 
10 mm. systolic 


One, the other 
or neither of 


fall in B.P. these 
Activated 5 18 
Not activated 1 16 


All told, of 40 patients in which it was 
taken, only 12 experienced greater than a 
10 mm. systolic fall in B.P. so long as they 
remained recumbent. The highest drop in a 
normo-tensive individual was 25 mm. sys- 
tolic. One normo-tensive patient experienced 
a rise of 26 mm. systolic. One hypertensive 
(180/100) patient sustained a 42 mm. fall and 
three others (163/100, 150/105, 167/70) 
sustained 30-32 mm. drops. Another hyper- 
tensive (140/100) experienced a 10 mm. rise. 
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Other side effects of the drug, such as 
nasal congestion, dry mouth, conjunctival in- 
jection, local soreness at the site of injection 
and slurred speech were noted, together with 
the commonly described indifference, dis- 
interest and slowness of responsivity. 

There was no correlation between the ap- 
pearance of one or more of the side effects of 
drowsiness and/or sleep, syncope and a 
greater than 10 mm. fall in systolic blood 
pressure with patient weight. This. would 
seem to indicate that a 50 mg. dose of the 
drug might be expected to affect all patients 
above the age of 7 (the youngest in our 
group) about alike regardless of weight so 
far as production of toxie side effects is con- 
cerned. Or to put this in another way, 
dosage would seem not to have to be scaled 
to body weight in individuals over 7 years 
of age to protect against side effects due to 
over dosage from a 50 mg. intramuscular in- 
jection of chlorpromazine. 


Mention should be made of one other ex- 
perience with the toxic side-effects of chlor- 
promazine. At the beginning of this study it 
was decided to use the drug intravenously, 
but before doing so on a patient, a volunteer 
was injected intravenously with 50 mg. of 
the drug in 10 ¢.c. of isotonic saline over a 
period of 5 min. The subject was thrown into 
shock and his pulse could not be obtained. 
Though he was a presumably normal and 
healthy individual, his electroencephalogram 
became very abnormal during over-breathing. 
The base-line record, prior to chlorpromazine 
but during hyperventilation, was normal. 
Whenever the subject attempted to sit up, 
he ‘‘blacked out’’ and fell back upon the 
bed. 

Not long after this trial, which definitely 
decided us against any attempt to employ 
chlorpromazine by intravenous injection, one 
of our colleagues (Gilbert 1956) informed us 
that he had had personal experience with 
respiration having been arrested by as little 
as 35 mg. of the drug I.V. in two eases. 

In one patient with left temporal, focal 
cerebral seizures, due to local cortical atrophy, 
which were nocturnal and tended to occur 
about once a month when he was on medica- 
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tion and in whom chlorpromazine produced 
activation; repeat examination was carried 
out following Seconal and Dormison adminis- 
tration. If anything, somewhat more activa- 
tion was obtained on the second trial. 


Another patient, who had been activated 
by chlorpromazine, was returned to the lab- 
oratory several days later for a trial of 
Seconal-Dormison activation. In this instanee, 
the patient’s unactivated, control tracing 
showed more abnormality on the second visit 
than the record had shown after chlorproma- 
zine on the first, and the Seconal and Dor- 
mison were not administered. 


In one ease of nocturnal, left temporal and 
Sylvian focal cerebral seizures, due to local 
cortical atrophy following birth injury, who 
had attacks every 6 weeks, chlorpromazine 
failed to activate. Five days later this patient 
received a total dose of 900 mg. of Metrazol by 
slow intravenous injection without production 
of an attack and with no specific abnormality 
being induced in the EEG. 

In two patients in whom no activation 
was obtained with chlorpromazine, this was 
followed at the same session by a slow, in- 
travenous injection of Metrazol. The first of 
these patients had centrencephalic seizures 
which were diurnal and occurred at a fre- 
queney of one per week. Following the ad- 
ministration of 3 mg/kg. of Metrazol, the 
patient had a generalized, tonic-clonic, motor 
convulsion of the sort from which he habit- 
ually suffered. The electrographic changes 
were typical of those seen under such cir- 
cumstances. 

The second patient had a left frontal, 
parasaggital focus due to local cortical atro- 
phy as well as bilateral orbit-frontal slow- 
wave discharges of uncertain origin. This 
patient had about 8 attacks a day. Injection 
had to be discontinued, after the administra- 
tion of 38 mg/kg. of Metrazol, because of 
vomiting and shock (B.P. 60/30, pulse 68). 
Up to this point, no activation of either of the 
patient’s abnormalities was obtained. Before 
condemning the combination of chlorproma- 
zine and Metrazol too harshly for production 
of shock in this individual, cognizance should 
be taken of the fact that this same patient 


went into shock at the time of his pneumo- 
encephalogram and that his vasomotor con- 
trol mechanisms were, in all probability, far 
more labile than those of the average in- 
dividual. 

In 4 patients, all of whom were activated 
by chlorpromazine, this drug was followed by 
the slow intravenous administration of Me- 
trazol. In one with right Sylvian focal 
cerebral seizures, suspected due to tumour, 
who had 4-5 attacks a day, a_ beautifully 
focal seizure, from both the clinical and 
electrographic points of view, was produced 
following the administration of a total of 
230 mg. of Metrazol and after 144 min. of 
hyperventilation. In none of the other 3 cases 
was any further activation produced by the 
Metrazol injection, though this was carried 
to full dosage (10 mg/kg. of body weight) 
in each case. The attack frequency varied 
from several times a day to several times a 
week in these cases, and two of the patients 
had nocturnal attacks. One patient had un- 
localized cerebral seizures of undetermined 
cause, centrencephalic suspected and two had 
foeal cerebral seizures, one due to local cor- 
tical atrophy and the other of undetermined 
cause. 


DISCUSSION 


Our results can not, by their very nature, 
throw any direct light on the mode of action 
of chlorpromazine. It can be stated, however, 
that there is nothing in them which is in- 
consistent with the supposition that this drug 
produces its effects by exerting a depressive 
influence on the reticular activating system. 


The mechanism of action of the drug, as 
regards augmentation of epileptiform activity 
in the EEG’s of seizure patients, is most easily 
understood in terms of the desynchronizing 
effect of the reticular system on cerebral 
electrical activity when that system is fune- 
tioning. The afferent sensory influx to the 
brain from all sources maintains a pattern of 
arousal in cortical electrical activity by virtue 
of its effects on the reticular system, which 
is stimulated to exert its desynehronizing in- 
fluence on that activity. So long as this state 
of desynechronization is maintained, epilepti- 
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form potentials, which are by their nature 
hypersynchronous, are suppressed. When, 
however, the reticular activating system is 
inhibited, its desynchronizing effect on the 
brain waves is reduced or abolished, a state of 
hypersynchrony is allowed to develop and 
epileptiform activity is enhanced. 

There has been much discussion as_ to 
whether or not chlorpromazine owes its ef- 
fectiveness in this regard to its ability to in- 
duce drowsiness or sleep. Certainly, our re- 
sults would not seem to indicate this. It is 
our feeling that drowsiness, like hypersyn- 
ehronization of cortical electrical activity, is 
one of the signs of depression of the reticular 
activating system. As a consequence, it would 
seem natural that these two signs should 
often go hand in hand, but it is illogical to 
assume that one is the cause of the other. 


One cannot say that chlorpromazine po- 
tentiates the effect of the barbiturates in 
every respect. Chlorpromazine exerts no de- 
monstrable effect at the cortical level. The 
barbiturates act both on the cortex and on 
the reticular system. In the latter case they, 
like chlorpromazine, tend to provoke epilep- 
tiform activity. We avail ourselves of their 
ability to do so when we use them as ‘‘sleep’’ 
activators, and here it might be well to em- 
phasize that most so-called ‘‘sleep’’ activation 
is seen in the period of drowsiness occurring 
before sleep or accompanying arousal from it. 
Their activity on the cortex, however, is in 
direct opposition to that on the brain stem in 
regard to elicitation of epileptiform poten- 
tials. High voltage cortical electrical activity 
is suppressed and seizure discharges inhibited. 
It is by virtue of this action that the barbi- 
turates merit their use in the treatment of 
epilepsy. 

Chlorpromazine and the barbiturates may, 
and probably do, summate in their effects on 
the brain stem, but, as Shagass has pointed 
out (Shagass 1955) this state of affairs cer- 
tainly does not obtain so far as the cortex 
is concerned. It seems to us, therefore, 
irrational to employ chlorpromazine in the 
treatment of seizures. On the contrary, be- 
cause its action is unidirectional and restrict- 
ed to the brain stem, it would seem to us 
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that it should be a more potent and more 
desirable ‘‘sleep’’ activator than the barbi- 
turates. 

It is of interest to note that of the 58 
cases we were able to find in the literature 
and which were said to have experienced a 
reduction in seizures when on chlorpromazine, 
only 4 were not taking some other anticonvul- 
sant preparation at the same time. In one 
series of 7 cases (Kinross-Wright 1955), 6 
of whom were said to have benefited from 
chlorpromazine, no further details were given 
and it is not known whether the drug was 
used alone or in combination with other 
drugs. In Head’s (1955) series of 31 pa- 
tients it would seem to us that the question 
might legitimately be raised as to whether 
these patients were genuine epileptices in the 
generally accepted sense of the term. Though 
all were said to present temporal lobe electro- 
encephalographic abnormalities, it is of in- 
terest to note that in the experience of Busse 
and co-workers (1956) one third of all non- 
epileptic patients above the age of 60 show 
such disturbances. Unfortunately, no men- 
tion is made of patient age in Head’s series. 
His finding that the EEG abnormalities 
present in his cases tended to disappear with 
sleep would be at variance with the experience 
of most electroencephalographers dealing with 
temporal lobe epilepsy. The patients in this 
series were continued on Dilantin and Me- 
baral when chlorpromazine was added to their 
therapeutic regime. 

In the final analysis, however, there re- 
main a few eases of undoubtedly genuine 
epilepsy who have been receiving no other 
medication and who have benefited from 
chlorpromazine administration. It may be 
that some particular type of seizure arising 
in a special area of the brain which is select- 
ively depressed by the drug can be benefited 
by its use. The findings of Longo (1954) and 
his group, to the effect that chlorpromazine 
antagonizes the convulsive activity due to 
nicotine but not that due to pentylenetetrazole 
or strychnine, would seem to argue for some 
specific, pharmacologic action of the drug 
which might make it effective in certain rare 
types of attack. 
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Of the cases which we have found reported 
to have had seizures while undergoing treat- 
ment with chlorpromazine, all but 15 had 
had previous, spontaneous fits. Of these 15, 
5 had had intracranial surgical procedures 
which could be considered likely to lead to 
the development of foci of epileptogenic 
activity. One patient had a definite EEG 
abnormality, though he had not previously 
had convulsions. Another had been receiving 
electro-shock therapy. Three had convulsed 
with insulin shock treatment. In one ease, no 
definite statement was made with respect to 
whether the patient had ever had seizures 
before. In 3 cases, the epileptic disturbances 
were described as tonie and clonic in nature 
‘‘almost amounting to a grand mal seizure’’, 
leaving some doubt in the reader’s mind as to 
whether or not these patients actually had 
epileptic seizures, since the episodes described 
occurred during orthostatic hypotension. In 
only one case is it definitely stated that a 
non-epileptie patient convulsed following 
ehlorpromazine administration with no men- 
tion being made of predisposing factors or of 
prior electroencephalographic disturbances. 
It should be emphasized that all patients in 
whom fits were produced were receiving high 
doses of the drug. 


Though it cannot be denied that cerebral 
hypoxia from any cause can precipitate an 
epileptic attack in a predisposed individual ; 
it seems unnecessary, in view of the known 
effect of chlorpromazine on the epileptiform 
potentials of individuals lying flat who have 
sustained no fall in blood pressure subse- 
quent to its use, to invoke orthostatic syn- 
cope as the sole cause of fits in predisposed 
or frankly epileptic patients taking this 
drug, as has so often been done. 

On the whole, it would appear that rarely, 
if ever, does chlorpromazine produce fits in 
a non-epileptic without predisposing cerebral 
damage or pre-existing electroencephalo- 
graphic abnormality, and then only when 
used in very high doses. 

On the other hand, the drug, at dosage 
levels of the order employed in this study 
and when administered by the intramuscular 
route, may be said never to produce any 


significant abnormality in the EEG of a 
normal person. 


Of 6 patients in whom combined chlorpro- 
mazine and Metrazol activation was attempt- 
ed, increased activation over that present fol- 
lowing chlorpromazine alone was seen in only 
2. In one case, however, the Metrazol injec- 
tion had to be discontinued at an early stage 
because of symptoms of shock. 

Though this series is far too small to 
permit the formulation of definite conelu- 
sions, we believe that the combined use of 
Metrazol and chlorpromazine has a rational 
basis in those cases in which either drug alone 
fails to activate. The tendency of Metrazol to 
induce epileptiform potentials through corti- 
cal activation would not be offset by chlorpro- 
mazine. Its tendency to stimulate the reticular 
activating system and thus defeat its own pur- 
pose, would, however, be offset to a large 
extent by a previously administered dose of 
chlorpromazine. For this reason, the combined 
use of these two drugs should be more effective 
than either of them singly. 

Chlorpromazine is a safer drug to use, 
when the intramuscular route is employed, 
than Metrazol in two respects. In the first 
place, it is extremely unlikely to provoke a 
generalized seizure when moderate doses are 
employed. This cannot be said of Metrazol. 
In the second place, any abnormality induced 
by its use is almost certain to be of diagnostic 
significance, and ean be relied on as being 
valid when the record is interpreted. In this 
regard, Metrazol all too frequently induces 
non-specific alterations in the tracing, and 
the question constantly arises, as well, as to 
where that point in dosage is reached beyond 
which results may not be considered valid. 

We would tend to place chlorpromazine, 
when it is used together with hyperventila- 
tion, somewhere between barbiturate induced 
drowsiness activation and that obtained by 
using Metrazol to a total dosage of 10 mg/kg. 
of body weight, in effectiveness of activa- 
tion. 

Caution is recommended in regard to use 
of the drug intravenously at any dosage level, 
and it is felt that full-scale resuscitation 
equipment should be at hand and that the 
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operator should be prepared to take measures 
to combat shock before he assumes the re- 
sponsibility of using the drug by this route. 
In addition, it is felt that some loss in speci- 
ficity of action with regard to induction of 
abnormal electroencephalographic potentials 
must be expected when the I.V. route is em- 
ployed, especially if a profound drop in blood 
pressure with consequent cerebral hypoxia is 
produced. Also, some change in the normal 
electroencephalogram (increase in amplitude 
with decrease in frequeney of background 
activity and bursts of theta) may occur with 
I.V. chlorpromazine. 

The only complication which we _ en- 
countered that it was necessary to guard 
against when the drug was used intra- 
muscularly, was orthostatic syneopy, and this 
was rare. 

Our experience parallels that of others 
with regard to the efficacy of employing 
chlorpromazine to obtain artifact-free tracings 
in patients who are restless, uncooperative or 
suffering from tics, tremors, ete. A marked 
reduction in muscle and movement artifact is 
usually obtained. 

In econelusion, it is felt that our results 
might have been better had we employed 
larger dosages (say up to 100 mg. I.M.) and 
waited longer (up to an hour or so to get the 
full benefit of the drug’s effect) before re- 
suming recording. Also, had we divided our 
cases into groups according to site of origin 
of the epileptic disturbance rather than into 
nosological groups, we might have been able 
to sustantiate the claim made by some in- 
vestigators that chlorpromazine preferentially 
activates those disturbances arising from the 
temporal lobes. 

It is felt that the use of moderate, single 
doses of chlorpromazine is extremely unlikely 
to be associated with such complications 
(jaundice and the development of a Parkin- 
sonian state) as have been reported with 
massive dosages or long-continued administra- 
tion. 


SUMMARY AND CONCLUSIONS 
1. A clinical investigation was carried out 


on 50 epileptic patients to determine the 
efficacy of chlorpromazine as an activator of 
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epileptiform discharges in the electroenceph- 
alogram. Statistically valid control methods 
were employed. 

2. It is coneluded that chlorpromazine, 
used in conjunction with hyperventilation, is 
a useful method of activation in the electro- 
encephalographic study of epileptic patients. 

3. The activation obtained was always char- 
acteristic of the patient’s habitual seizures. 


4. The only factor found to correlate 
positively with incidence of activation was 
frequency of attacks, a significantly higher 
number of patients having more than 5 
attacks a month being activated than of 
those having 5 or less attacks per month. 


5. Dosage did not have to be scaled to 
patient weight for uniform effectiveness or 
avoidance of toxic side effects. 

6. The only serious side effect encountered 
was that of orthostatic syneopy, and this was 
rare (2-4 per cent). 

7. Chlorpromazine in moderate doses by 
the intramuscular route cannot be consider- 
ed a convulsant agent such as Metrazol, 
since it does not produce attacks in non- 
epileptics who are unpredisposed individuals 
without pre-existing electroencephalographic 
abnormality. 

8. Its use in combination with Metrazol, in 
those cases which fail to respond to either 
drug alone, would seem to be physiologically 
justifiable. 

9. Our results were compatible with the 
generally accepted conclusion that chlorpro- 
mazine acts predominantly on the reticular 
system, and it is felt that is effectiveness as 
an activator of epileptiform potentials is a 
consequence of this action and not due to its 
producing cerebral anoxia. 

10. It is felt that the use of chlorpromazine 
to control seizures is, in most cases, un- 
justifiable, and that it does not potentiate the 
anticonvulsant action of the barbiturates. 

11. It is reeommended that the intravenous 
route of administration be avoided with this 
drug. 

12. The use of chlorpromazine to obtain 
artifact-free tracings in restless or un-coo- 
perative patients or those with tics or tremors 
is recommended. 
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Recently a kind of reciprocal relationship 
between hippocampus and neocortex of an- 
imals has been observed in records of spon- 
taneous activity during wakefulness and sleep, 
the hippocampal record being synchronized 
when that of the neocortex is desynchronized 
and viceversa. Arousal or desynchronization 
of the neocortical tracing — whether induced 
by afferent stimuli or by direct electrical 
stimulation of the brain stem reticular sys- 
tem — was associated with the concomitant 
appearance of large slow waves in the hippo- 
eampal record (Liberson and Cadilhae 1953; 
Green and Arduini 1954; Andy and Akert 
1955; Liberson and Akert 1955; Passouant 
et al. 1955; Rimbaud et al. 1955; MacLean 
et al. 1955, 1956). 

Our earlier findings showed that spikes in 
the temporal region could be activated by 
Evipan anaesthesia. However, spikes appeared 
in some cases in drowsiness or in very light 
sleep but were suppressed in deep sleep, 
even though spikes could be evoked in most 
eases with full intensity at the level of deep 
or very deep sleep; in addition, maximal ac- 
tivation was observed in a small group of 
patients in light sleep and drowsiness, toward 
awakening (Kajtor 1955, 1956). Further- 
more several cases with temporal lobe ep- 
ilepsy initiated by nocturnal fits were operat- 
ed on after electrical stimulation of the 
temporal lobe (Hullay 1955, 1956) and proved 
to be caused by selerosis of Ammon’s horn 
(Haberland 1955). From these facts it was 
supposed that sleep activation of hippocampal 
spikes might show some inversion as compared 
With activation of cortical spikes. It therefore 


seemed worth while to study the sleep activa- 
tion of spikes directly from the temporal cor- 
tex and hippocampal surface in patients with 
seizures of temporal origin. Such a study was 
suggested also by the observation that con- 
trasting patterns of hippocampal and cortical 
activity in animals were particularly manifest 
in changes from drowsiness to alertness, par- 
ticularly under the action of reserpine (Mac- 
Lean et al. 1955/6). 


METHOD 


Three male patients with clinical and elec- 
troencephalographie pictures of temporal lobe 
epilepsy were observed electrographically in 
the course of surgical therapy. 

EEG records were obtained with an 8- 
channel amplifier before and after operation 
involving temporal pole resection with re- 
moval of the uneus and anterior hippocampus, 
in the resting state and under Evipan an- 
aesthesia. A combination of bipolar and 
unipolar techniques was applied; Goldman’s 
average electrode was chosen for unipolar 
leads. Sensory, motor, acoustic, vestibular 
and speech areas were mapped out carefully 
using thyratron stimulation during surgery. 
Corticography was carried out simultaneously 
with hippocampal electrography using flexible 
stainless steel electrodes. Electrodes were 
placed directly upon the upper border of Syl- 
vian fissure on the anterior and posterior 
central, third frontal, third and first temporal 
eonvolutions and were linked in serial pairs. 

In ease I, electrodes were attached to the 
eut surface of hippocampus and the white 
matter above the roof of the inferior horn 
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and, in addition, to anterior and posterior 
parts of the insula following resection of the 
temporal pole. In cases 2 and 3 observation 
began with resting corticography. Thereafter 
an incision of about 25 mm. length was made 
along the second temporal gyrus anterior to 
the vein of Labbe, and the inferior horn was 
opened. The slit was widened and maintained 
by affixing an automatic retractor. Two elec- 
trodes were introduced through the window 
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deep stage (Gibbs and Gibbs 1950) as well 
as those from awakening produced either 
spontaneously or by peripheral stimulation 
were analyzed. Effective recordings lasted 15 
to 22 min. 

Brain tissue excised was examined histol- 


ogically. Serial sections were made in the 


frontal planes and specimens were stained 
by the hematoxylin-eosine, Niss] and Mallory 
olia methods. 


1-2 I 
resting Evipon 14 


+ 200uV 
2-3 4 


a yo Vn | Ww t \ | t ge \ hw 


ww || / A a} \ A i‘ h, 
meV ely Lay 


faa Ya he ly RA 
7 wont V 


Fig. 1 


(a) Sketch showing electrode positions in case 1. 1 
white matter above roof of inferior horn (cut 


2 = posterior insular, 3 


anterior insular, 


surface), 4 = hippocampus (cut surface). (b) and (c) Tracings in resting 
state and under Evipan anaesthesia from deep sleep of awakening. 0 = 


unipolar lead. See text in case report. 


and placed gently on the free hippocampal 
surface, one on the pes hippocampi and the 
other 12 mm. posterior. Simultaneous bipolar 
tracings were recorded from the frontal, cen- 
tral, temporal and hippocampal areas in the 
waking state and during artificial sleep in- 
duced by Evipan slowly administered intra- 
venously. Potentials during wakefulness, 
drowsiness and sleep of very light, light and 


RESULTS 


Case 1. Although spike discharges were 
not evoked by Evipan administration in this 
case, yet certain manifestations of hippo- 
campal electrical activity were of interest. 

A male aged 20 years with a history of a 
cerebral lesion at birth. First seizure 6 years 
ago at night during sleep characterized by 
mastication, behavioral automatism and am- 
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nesia. Diurnal fits consisted of visceral and 
emotional warnings, psychic illusions, erying, 
loss of consciousness, staring, adversion to the 
left, onesided movements, mastication, auto- 
matism suggesting purposeful activity with 
clouded consciousness. 

Resting EEG revealed a spike focus in the 
right anterior temporal region with discharges 
from the right nasopharyngeal lead, rarely 
also from the left one. Partial temporal 
lobectomy 5.10.1955 because of frequent seiz- 
ures and unsuccessful medical treatment. 


ponents in the hippocampus. Under very light 
sleep sinusoidal rhythms appeared continu- 
ously in the hippocampus and at times syn- 
chronously also in the temporal white matter, 
though with reduced regularity and am- 
plitude. Some contrast was observed between 
hippocampal and insular activities, the former 
being synchronized when the latter were 
desynchronized. Synchronized activity of 
hippocampus disappeared when patient awoke. 
Histological examination. Normal brain 
tissue including hippocampal formation. 
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Fig. 2 


Resting and sleep activated EEGs before and after operation. Electrodes 
1 to 8 are on the left, electrodes 1’ to 8’ on the -right hemisphere, on 
homologous points. 

Before operation (A) most intense spike activity in deep sleep (after 1 g. 
of Evipan) when in the left nasopharyngeal (7), tympanic (8), temporal 
polar (4) and middle temporal (5); unipolar leads (designated with 0), 
negative (upward deflection) synchronous spikes of high amplitude. Spikes 
with positivity (downward deflection) in nasopharyngeal bipolar lead (7-4). 
— A few independent spike discharges from the right temporal scalp 
electrode (5'-0). Six weeks after operation (B) no independent spike in 
the left temporal region but many in the right, and, in addition, several 
synchronous bilateral spike discharges basally (7-0 and 7’-0). 


Hippocampal activity. In the resting state Case 2. A male aged 32 years with no 


runs of a mixture of theta and faster fre- 
quencies occurred in the hippocampal leads. 
This activity was suppressed by one gram of 
Evipan given intravenously at a rate of 
25 mg/10 sec. while simultaneous tracings 
from the insular leads showed synchronized 
slow waves. Lightening of anaesthesia in- 
duced synchronized activity of 3-8 ¢/sec. com- 


family history of epilepsy or nervous disorders 
and no relevant past medical history. First 
epileptic attack at night in 1952 described as 
grand mal. Nocturnal fits alone occurred ex- 
clusively for two years, diurnal ones also since 
1954. Neither diurnal nor nocturnal seizures 
were preceeded by warnings, but both were 
accompanied by complete amnesia. Diurnal 
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seizures started with staring, paling and hy- 
perpnoea followed by mastication and stereo- 
typed behaviour. Postictal automatism was 
noted also at night — although not frequently. 
Diphenyl-hydantoin and methylphenyl-hydan- 
toin with barbiturate gave no therapeutic re- 
sults. 

After admission nothing abnormal was de- 
tected in the nervous system, in the cer- 
ebrospinal fluid or in the skull by radiogra- 
phy. An air encephalogram showed no ab- 
normality. 

EEG revealed scanty convulsive activity 
in the resting state and frequent spikes under 
Evipan anaesthesia in the anterior temporal 
region, on the left. Independent spikes were 


Fig. 3 


Diagram reproduced from the photograph of left 
temporal region exposed with cortical and _ hippo- 
campal electrode arrangement and designation. Elee- 
trode positions: 1-2 = anterior part of first and 
third temporal gyri, 3 = surface of pes hippocampi, 
4 — 12 mm. posterior, 5-6 = anterior and posterior 
central convolutions. 


picked up occasionally from the homologous 
area on the right, and this only in Evipan 
sleep. Because of unsuccessful medical treat- 
ment the patient subjected to surgical 
therapy on 29.5.1956. Since operation three 
seizures in the daytime. Postoperative EEG 
showed no convulsive waves on the left, but 
an increase of temporal spike activity was 
found on the right, under Evipan anaesthesia. 

Histological findings. Abnormality in the 
Ammon’s horn only. Loss of pyramidal cells 
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in Sommer’s sector (h,) and a marked reduc- 
tion in end-plate (h;). 

(a) Activity of the hippocampus in alert- 
ness. Alertness of the patient was provoked by 
the procedure of arranging the hippocampal 
electrodes and inserting a needle for Evipan 
injection. Independence of spontaneous spike 
discharges was observed above the hippo- 
campal surface and temporal cortex. A basic 
rhythm of poorly organized 3-7 ¢/see. fre- 
quency was obtained from the hippocampus 
and waves of 0.5 - 4 e/see. from the temporal 
neocortex. Some reciprocal relationship be- 
tween the activities of hippocampus and of 
the central region could be recognized in 
certain periods only. When the cortical re- 
cord displayed fast activity, then that from 
the hippocampus showed irregular slow 
activity. 

(b) Actiity of hippocampus and temporal 
cortex under Evipan anaesthesia. In deep 
sleep induced by one gram of Evipan, all 
spikes disappeared from the hippocampus and 
its background activity became flattened. On 
the contrary, spike discharges from the tem- 
poral cortex were activated intensely, the 
spikes increased in number and reached high 
amplitudes. The inversion of convulsive activ- 
ity in hippocampus and temporal cortex pre- 
sented a striking feature. 

When the patient was going out of sleep, 
runs of 100-200 »V. sinusordal waves of 5-7 
e/see. frequency appeared gradually in the 
hippocampus. This regular activity was ac- 
companied by some spikes in the hippocampal 
record independently or synchronously with 
the temporal ones, and it was associated also 
with a diminution of the temporal spike dis- 
charges. Shortly after, a stage of continuous 
5-9 e/see. rhythms developed during which 
the convulsive activities abated in both regions 
of cortex. This stage was followed at once by 
the level of light sleep indicated clinically by 
augmentation of spontaneous movements of 
the patient and electrographically by faster 
components in the sensori-motor and temporal 
areas. During this period the new pattern of 
inversion was accentuated by the light sleep. 
On the one hand, numerous negative spikes 
appeared from the hippocampal surface inter- 
mingled with the background _ sinusoidal 
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Fig. 4 

(A) Resting corticogram showing large rhythmic slow waves without spike 
potentials from the outer temporal cortex anterior to the vein of Labbe. In 
corticogram and hippocampogram recorded simultaneously in alertness, 
spontaneous negative spikes independently from anterior temporal surface 
(1-2) as well as from hippocampus (3-4). Arrow marks insertion of needle 
and start of intravenous injection of Evipan at a rate of 25 mg/10 see. 
X = deep anaesthesia subsequent to 1 g. of Evipan. Background irregular 
slow waves of hippocampus flattened and hippocampal spikes abolished 
while maximal activation of spike discharges in temporal neocortex. V = 
diminution in depth of sleep heralded by appearance of large theta rhythms 
in the hippocampus. An incomplete reversion of spike activity followed by 
well organized continuous 6-8 ¢/see. rhythms in the hippocampus and by 
reduction of convulsive activity. 

(B) Reversion of spike activity is completed, spikes are obtained almost 
exclusively from hippocampus, while temporal cortex is silent. Arrow 
marks onset of deep sleep induced anew by 1 g. of Evipan. Renewed activa- 
tion of spike discharges from temporal cortex associated with suppression 
of hippocampal spiking. Reversal of electrographic pattern by strong 
peripheral stimulation (start at arrow). Note fast rhythms from central 
region (desynchronization) and a mixture of theta and alpha rhythms from 
hippocampus (relative synchronization). 
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rhythm and, on the other hand, the simul- 
taneous temporal corticogram contained only 
a few spikes of diminished voltage. The in- 
verse relation in the spike activity could be 
established precisely. 
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The effect of stimulation showed a great 
similarity to that found during spontaneous 
awakening. Moreover, inversion of spike ac- 
tivation as well as of background activity 
reached an even more distinctive contrast and 
was observable for about 9 min. — until the 


(c) Effect of afferent stimulation in Evi- 
pan sleep. When the depth of anaesthesia 
lessened up to the level of very light sleep, 
another gram of Evipan was administered and 
the anesthesia deepened. As shown, deep sleep 


end of the observation. When the recording 
was finished, the patient moved drowsily. In 
this state, the spike potentials were abolished 
almost completely in the temporal cortex and, 
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Fig. 5 

Designation and position of electrodes as in figure 2 

A. Pre-operative EEG under Evipan anaesthesia showing numerous spikes 
in the right temporal region; synchronous appearance of spikes from basal 
and scalp leads. Most intense activity from middle temporal (5’-0) and 
basal (8’-0) electrodes while only conducted waves of low voltage from 
temporal polar (4'-0), and posterio-temporal (6’-0) ones according to 
unipolar tracing in deep sleep. Bipolar linkage between tympanic (7’) and 
nasopharyngeal (8’) electrodes mostly without potential difference of spike 


type (iso-electric points). 
temporal region (4-0 and 5-0), too. 


B. EEG six weeks after operation under Evipan anaesthesia. 


Several independent spike discharges from left 


Reeord shows 


all spike potentials occurring on both sides. 


resulted again in the same electrographic pic- 
tur: frequent spikes of high voltage from the 
temporal cortex and suppression of convulsive 
activity in the hippocampus. In this condi- 
tion, however, strong peripheral stimuli, 
acoustic and nociceptive, were applied re- 
peatedly. The patient was called loudly by 
his name, irritated by sharp painful strokes on 
the soles of the feet, and pinching of the 
skin for about five minutes. 


parallel with this process, spikes reappeared 
abundantly in the hippocampus where 30 
spikes could be counted for 1 min. against 
a single temporal spike. However, convulsive 
waves now reached a significantly higher volt- 
age than during spontaneous awakening, and 
groups of 2 or even 3 spikes were frequent. 
The relationship between the basic rhythms 
of hippocampal and of sensory-motor origin 
had a resemblance, at least in certain periods, 
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to the opposition seen in ‘‘arousal reaction’’ 


of hippocampus and in that of neocortex of 
animals, notwithstanding that the patient was 
drowsy. 

Case 3. A male of 23 years suffered an 
injury of the right temporal region at the 
age of 6 years. Otherwise, previous and per- 
sonal history revealed nothing of note. First 
seizure two years ago without warning signs 
in the day-time. In recent months, fits several 
times, not only during the day, but also at 
night. Seizures are initiated, like the first 
one, by loss of consciousness followed by mas- 
tication and automatism, sometimes followed 
by generalized convulsions. Total amnesia for 
all seizures. Drug therapy without success. 


Neuropsychiatric examination detected 
moderate deterioration of psychie functions 
and a eonsiderable dilatation on the right 
temporal horn in the air encephalogram. 
Other findings showed nothing abnormal. 


EEG tracings revealed a great number of 
spikes from the middle external temporal 
and from the inferomedial surfaces on the 
right under Evipan anaesthesia; deep sleep 
proved to be the optimal depth for activation. 
Some convulsive discharges were seen also 
in the left anterior temporal region when 
coming out of sleep. It was impossible to sep- 
arate an independent convulsive activity from 
the nasopharyngeal electrode in the course 
of initial drowsiness and light sleep at the 
rate of 25 mg/10 see. of Evipan. 

On 5.7.1956 temporal lobe resection in- 
eluding unecus along the anastomotic vein of 
Labbe. Excision of a cortical sear in the first 
and second temporal gyrus was also performed 
just posterior to the anastomotic vein. 

Histology: brain tissue examined did not 
include hippocampal formation because of 
removal by suction. 

EEG after operation revealed only a few 
spikes from the nasopharyngeal leads in 
Evipan anaesthesia. 

Corticography in the resting state showed 
large negative spikes and sharp waves asso- 
ciated with large slow potentials from the 
cortex adjacent to the traumatic sear. 

(a) In the waking state, hippocampus pre- 
sented random irregular slow waves and a few 


negative monophasic. spikes, further sharp 
waves from the pes hippocampi. 

(b) In all stages of Evipan sleep, spike 
and background activities of hippocampus 
and temporal cortex were carefully studied. 
In order to analyze the changing activities, 
Evipan was administered slowly at a rate of 
25 mg/20 see. 


Pig. 6 


Diagram reproduced from a photo- 
graph showing right temporal re- 
gion exposed with cortical and 
hippocampal electrode arrangement 
and designation. Electrode posi- 
tions: 1 = second temporal gyrus 
adjacent to traumatie sear. 2 = 
third gyrus anterior to vein of 
Labbe, 3 = surface of pes hippo- 
campi, 4 = surface 12 mm. poste- 
rior, 5-6 = anterior and posterior 
central cortex. 


The background activity of hippocampus 
displayed regular 5-7 ¢e/see. periods in drow- 
siness and light sleep following 200 mg. of 
drug. These theta sequences were accom- 
panied frequently by powerful movements of 
the patient. When a series of sinusoidal waves 
(synchronization) was observed from hippo- 
campus, however, a mixture of fast and slow 
waves (relative desynchronization) was re- 
corded simultaneously from the central cortex. 
At the end of the examination a very short 
transition form — relative desynchronization 
— could be observed in the hippocampus in 
parallel with cortical desynehronization ; just 
before awakening a hippocampal flattening 
was to be noticed with some temporal beta 
rhythms. 

Hippocampal spikes were slightly activated 
in the early stage of sleep but were totally 
suppressed by deep sleep as was the sinusoidal 
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A. In resting corticogram (electrodes 3 and 4 on temporal pole above and 
below) negative spikes from area adjacent to cortical scar. Simultaneous 
tracing shows random slow waves and some negative spikes in hippocampus 
(3-4), further, positive and negative spikes from temporal cortex (6-1, 4-1, 
1-2) in the resting state. At arrow start of Evipan administration at a 
rate of 25 mg/20 see. Usual electrographic picture of falling asleep and 
of waking up under Evipan anaesthesia in central lead (5-6). In drowsiness 
slight increase of hippocampal spike activity with more pronounced spiking 
in temporal cortex. 


B. In light sleep trains of regular 5-7 ¢/sec. or slower components from 
the hippocampus accompanied generally by movement artifacts (1-2 and 
2-3 at 0.28 g. of Evipan). In deep sleep suppression of all hippocampal 
activities with frequent spike discharges from temporal cortex (at about 
1 g. of Evipan). — V mark denotes spontaneous lightening of anaesthesia 
up to the level of light sleep (change in leads of channel 5 and 6). 
Numerous spikes in hippocampus with negativity alternating either from 
anterior or posterior hippocampal electrode. Relative decrease in activity 
in temporal cortex indicated by an approximately equal count of hippo- 
campal and temporal spikes. Many synchronous spikes in hippocampal 
and temporal cortices. Continuous 4-8 ¢/sec. activity in hippocampus under 
light sleep with relationship to convulsive activity similar to that of 
figure 4. Note transition form of background activity. 
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activity. Spike discharges from temporal cor- 
tex became less frequent under deep sleep. 
When the depth of anaesthesia lessened and 
approached the level of ight sleep, spikes ap- 
peared from the hippocampus within a short 
time and a sinusoidal background rhythm of 
5-7 e/see. developed gradually. Although full 
development of continuous sinusoidal activity 
was accompanied by some diminution of con- 
vulsive discharging, yet it was preceded by 
the most intense hippocampal spike activity 
in the entire course of corticographic examina- 
tion. During the end phase, lasting 35 sec. of 
recording, 11 spikes were counted from the 
hippocampus and 13 from the temporal cor- 
tex, while the first half of the record including 
wakefulness, drowsiness and light sleep con- 
tained only 14 hippocampal discharges as com- 
pared to 234 temporal cortical spikes. Hippo- 
campal spikes were suppressed completely by 
deep sleep while the temporal spikes remained. 
In the record including the process of lighten- 
ing of sleep there occurred 47 hippocampal 
and 52 temporal spikes excepting the last 
phase mentioned. 


DISCUSSION 


Hippocampal background activity develop- 
ed in an interesting fashion under different 
levels of sleep. 


The resting state was characterized by ran- 
dom irregular slow waves; runs of regular 4-7 
e/see. rhythms occurred rarely. Regular sin- 
usoidal synchronization, equivalent to a spe- 
cific hippocampal ‘‘arousal reaction’’ and 
associated with simultaneous neocortical de- 
synchronization could not be recognized. How- 
ever, under light sleep and drowsiness, some 
reciprocal relationship was detected lasting for 
a far longer time than in the awakening from 
normal sleep by means of sensory stimulation 
in animals (Rimbaud, Passouant and Cadil- 
hae 1955). 

A marked tendency of the background 
activity of the hippocampus toward synchro- 
nization was found under light anaesthesia 
and drowsiness, when not only recurring 
trains of theta rhythms but also continuous 
sinusoidal theta activity appeared in the hip- 
pocampus, similar to hippocampal synchroni- 
zation under the influence of arousal or social 
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intercourse (Jung and Kornmiiller 1938 ; Mac- 
Lean, Horwitz and Robinson 1952; Liberson 
and Cadilhae 1953; Green and Arduini 1954; 
Liberson and Akert 1955; Andy and Akert 
1955). : 

The synchronized rhythmic hippocampal 
activity under Evipan was characterized by 
several features. Thus, its development was 
more complete while waking up than while 
falling asleep. Moreover, sinusoidal activity 
was absent whenever the drug was administer- 
ed too quickly. Deep sleep resulted invariably 
in its extinction, but peripheral sensory stim- 
ulation was followed by its reappearance. 
These findings are in agreement with animal 
experiments. The synchronized activity did 
not become generalized and did not show the 
simultaneous paroxysmal manifestations in 
neocortical areas found in animals (Rimbaud 
et al. 1955). Its full development was asso- 
ciated with reduction of hippocampal spike 
activity, calling to mind the anticonvulsive 
protective function of normal and_ slow 
rhythms suggested by Walter (1938), Jung 
and Tonnies (1950), further by Walter (see 
Faure et al. 1951). Activation of hippocampal 
spike discharges somewhat preceeded rhythmic 
slow waves and outlasted their expiration. 


Resting electrograms from the hippocampal 
surface of our patients revealed random spikes 
as in eases 3 and 4 of Passouant et al. (1955). 
Our observations indicate that spike discharges 
of the hippocampus can be either activated 
or suppressed intensely by Evipan anaesthesia, 
the outcome depending upon the level of sleep. 
For activation, the optimum of sleep depth 
is not the same in hippocampus as in temporal 
neocortex. Hippocampal convulsive discharges 
are activated by light sleep and drowsiness. 
However, hippocampal spikes are scarcely in- 
ereased by falling asleep, even by protrac- 
tion of the initial sleep stages, whereas a great 
increase is induced by the light sleep and 
drowsiness during waking up, particularly if 
evoked by strong peripheral stimulation. On 
the other hand, the convulsive potentials of 
temporal neocortex are activated by deep 
sleep. 

A clear-cut inversion between sleep activa- 
tion of hippocampal spikes and that of tem- 
poral neocortical discharges was detected in 


450 


ease 2 with sclerosis of cornu Ammonis. On 
the one hand, when sleep resulted in a maximal 
augmentation of spike activity in the temporal 
neocortex, simultaneously, spikes in the hippo- 
campus were suppressed. On the other hand, 
light sleep and drowsiness (before awakening ) 
caused an almost complete abolition of tem- 
poral cortical spikes parallel with the appear- 
ance of numerous spikes in the hippocampus. 
It was possible to evoke reciprocal relationship 
of spike discharges repeatedly in sleep activ- 
ation, sO inversion seems to be an inherent 
tendency of epileptic temporal lobe with a 
patho-anatomical lesion of the hippocampus 
prcper. Inversion of spike activation as well 
as of background activity acquired even more 
contrast following peripheral stimulation than 
in course of spontaneous awakening. However, 
a partial inversion was found in ease 3 with 
a traumatic scar of the outer temporal cortex. 
Although the intensity of cortical discharges 
showed significant decrease in the course of 
falling asleep, at the same time spikes of hip- 
pocampal origin were abolished by deep sleep 
and were intensely activated when anaesthesia 
was lightening. 

Conduction of hippocampal spikes to. tem- 
poral neocortex and vice versa, or synchronous 
appearance of spikes in both cortices were 
observed occasionally; however, most of the 
discharges were restricted to the hippocampus 
in light sleep and to the temporal cortex in 
deep sleep. Conduction seemed to be facilitated 
by the transition stage from deep to light sleep 
as well as by light sleep and drowsiness. Ob- 
viously, convulsive discharges from the hippo- 
ecampal pathoanatomical focus established, by 
conduction, a secondary ‘‘functional’’ focus 
in the temporal neocortex of case 2. Most 
probably, a similar process may take place also 
in the opposite direction. 


Our observations prove that anaesthesia, 
induced by Evipan (or other short acting 
drug) and combined with strong peripheral, 
nociceptive, stimuli under light sleep and 
drowsiness during waking up is a valuable 
method for activation of hippocampal spike 
discharges. It remains still to integrate our 
results, if confirmed by subsequent studies, 
with other data concerning those functions of 
hippocampus which are still obscure in the 
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light of recent animal experiments (Green 
and Adey 1956). 


SUMMARY 


Electroencephalograms and direct records 
from the temporal, central, frontal and hippo- 
campal surfaces of three patients with tem- 
poral lobe epilepsy are presented. 


Light sleep and drowsiness induced by Evi- 
pan resulted in sinusoidal slow rhythms of the 
hippocampus most pronounced during waking 
up from anaesthesia. This hippocampal syn- 
chronization showed some similarity to the 
hippocampal ‘‘arousal reaction”’ described in 
animals; it displayed a contrast with the 
simultaneous desynchronization of neocortical 
regions. 

Hippocampal spike discharges could be 
intensely activated by light sleep and drow- 
siness during waking up. Awakening caused 
by strong peripheral stimulation proved to be 
more effective than spontaneous lightening of 
anaesthesia. An inverse relation between sleep 
activation of hippocampal discharges and of 
temporal neocortical spikes was observed in a 
case with sclerosis of Ammon’s horn. 


Background irregular or rhythmic slow 
waves, as well as spike discharges in hippo- 
campus, were abolished by deep sleep. 
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INTRODUCTION 


Recently considerable evidence has been 
obtained indicating that the spontaneous elec- 
trical activity recorded from the surface of 
the brain is largely if not exclusively den- 
dritic in origin. These data have been derived 
from electrophysiological and pharmacological 
studies (Clare and Bishop 1955; Tasaki e¢ al. 
1954; Purpura and Grundfest 1956b). It has 
been concluded that the 15-20 msee. surface 
negative wave evoked by direct or antidromic 
activation of cortical neurons is a synaptic 
potential of apical dendrites (Purpura and 
Grundfest 1956b). In addition, it has been 
shown that blockade of dendritic synapses by 
d-tubocurarine in the unanesthetized (Pur- 
pura and Grundfest 1956b) or nembutalized 
eat (Ostow and Garcia 1949) is associated 
with a transient abolition of the EEG. These 
data, while supporting the hypothesis for- 
mulated by Eecles (1951) and Li and Jasper 
(1953), that the spontaneous rhythms of 
the cerebral cortex represent synaptic po- 
tentials, also suggest that these synaptic po- 
tentials are generated in components of the 
post-synaptie dendritic membrane that is 
electrically inexcitable (Purpura and Grund- 
fest 1956b). Further information relating to 
the important role of dendritic activity in the 
integration of eccmplex neuronal patterns was 
obtained in studies with the psychotomimetie 
agent LSD (Purpura 1956 a, b). In the un- 
anesthetized-sueccinyleholine paralyzed cat the 
mechanism of dendritic synaptic inhibition 
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was reasonably accounted for on the basis of 
LSD activation of inhibitory post-synaptic re- 
ceptors on apical dendrites (Purpura 1957). 
Because of the significance attached to den- 
dritie activity, it was considered necessary to 
examine the properties of human apical den- 
drites with two major objectives in mind: 

(1) To determine what differences if 
any might exist in the physiological organiza- 
tion of the pre- and post-synaptic components 
generating the dendritic potential; and 

(2) To obtain information on the special 
pharmacology of human cortical synapses in 
order to relate the actions of various psycho- 
tomimetic and psychotherapeutic agents to 
known physiological events. 

With these aims in mind, studies were 
initiated in four patients. 


METHODS 


Routine operative exposures were carried 
out on 4 patients. Two patients subsequently 
underwent psychosurgery (bimedial frontal 
lobotomy) and 2 removal of neoplasm (astro- 
eytoma, glioblastoma multiforme). In the 
latter cases studies were carried out on grossly 
normal appearing cortex distant from the 
suspected neoplastic regions. Following the 
craniotomies experimental procedures were 
immediately instituted. These usually began 
3 to 4 hours after the pre-anesthetic medica- 
tion which consisted of Demerol and scopo- 
lamine. Anesthesia was maintained with con- 
trolled nitrous-oxide oxygen mixtures sup- 
plemented with succinylcholine chloride- 
saline infusions for muscular relaxation. 

Stimulation of the cortical surface was 
accomplished by a pair of fine teflon® coated 
silver wires (0.1 mm. diameter) held in a 
micromanipulator which was clamped to the 
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bone margin. Stimulating and recording 
electrodes could be linearly adjusted for con- 
duction velocity studies (fig. 2). Monopolar 
recording was used throughout the investiga- 
tion, the stigmatic lead consisting of a small 
ehlorided-silver ball-tipped electrode. The 
reference (indifferent) electrode was clamp- 
ed to the cut bone edge. Other details of the 
stimulating and recording equipment have 
been described elsewhere (Purpura 1956a; 
Purpura and Grundfest 1956b; Purpura 
1957). Multiple sweep registration of re- 
sponses was generally employed unless other- 
wise stated to provide an indication of the 
degree of variability encountered. 

In 3 of the 4 cases successful penetration 
of a small cortical artery supplying the area 
of cortex under investigation was accomplish- 
ed by means of a special No. 31 gauge needle. 
A polyethelene catheter connected the needle 
to a three-way stockcock which permitted 
either normal saline or drugs to be locally 
injected. The later consisted of either d-tubo- 
eurarine chloride (3 mg/ce.) or d-lysergic 
acid diethylamide — 25 (LSD). 


RESULTS 


A. Effect of Nitrous Oxide. 

While it is clearly recognized that the 
pre-anesthetic medication employed routinely 
to insure a safe anesthetic course might con- 
tribute significantly in altering the normal 
responsiveness of dendritic synapses, it is of 
interest to note that no detectable difference 
in dendritic responsiveness could be attri- 
buted to the nitrous-oxide anesthesia em- 
ployed. This was tested by. recording den- 
dritic potentials evoked by a surface stimulus 
2.0 mm. from the recording electrode. As 
shown in figure 1, a conditioning and testing 
stimulus was utilized, the latter following 
the conditioning stimulus by 60 msee. In 
figure 1A considerable variation in the gen- 
eral background of activity can be observed 
while the patient was breathing a gas mixture 
of 80 per cent N2,O - 20 per cent Ov. The 
superimposed records in figure 1B were made 
after the patient had been breathing 100 per 
cent oxygen for 10 min. While it appears that 


1 Generously supplied by Sandoz Co. 


less background variability was detectable 
during the oxygen run, little or no effect was 
observed on dendritic responsiveness. Parallel 
studies carried out on laboratory animals have 
revealed essentially similar results (un- 
published data). 


Fig. 1 


Dendritic potentials evoked by stimulation of cortical 
surface. Five consecutive superimposed tracings. In 
this and all subsequent records negativity at the 
recording electrode is signified by an upward deflec- 
tion. Explanation in text. A: 80 per cent N,.O. 
B: 100 per cent Ox. 


B. Pre- and Post-Synaptic Component of 
Dendritic Activity. 


Stimulation of the cortical surface evokes 
surface negative responses which can be de- 
tected as far away as 5 mm. ‘(Adrian 1936; 
Chang 1951) to 10 mm. from the site of stim- 
ulation (Burns 1950, 1951; Rosenblueth and 
Cannon 1942). These observations have been 
interpreted as indicating that surface stim- 
ulation excites pre-synaptic elements in the 
molecular layer of the cortex which transfer 
excitation to apical dendrites along the extent 
of the horizontal elements (Eccles 1951; Pur- 
pura and Grundfest 1956). Similar studies 
carried out on the human cortex are ex- 
emplified in figure 2. The diagram illustrates 
the electrode arrangement which consisted of 
2 monopolar recording electrodes placed at 
4.5 mm. and 6.0 mm. from the stimulating 
wires. The difference in time between the 
onset of the activity at B and A is slightly 
under 3 msec. as shown by the 1000 @/see. 
calibration. This indicates a conduction ve- 
locity of 0.5 m/sec. assignable to the horizon- 
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tal pre-synaptic fibers in the human cortex. 
What is of considerable interest, however, is 
the observation that 10 msec. were required 
for activity to arrive at electrode A, 4.5 mm. 
distant from the stimulating electrodes. It is 
inferred therefore that the additional 1.0 
msec. is accounted for by synaptic delay which 
agrees with that calculated from Chang’s 
(1951) data in the monkey. 


stim. A B 


CORTEX 


Fig. 2 
Diagram illustrates recording and stimulating posi- 


tions. Response A recorded 4.5 mm. from stimulating 
site and B recorded 6.0 mm. from same site. Further 
details in text. Calibration 1000 ¢/see. 


C. Activity Cycles ef Dendrites. 


Examples of the variability encountered 
in studies from patient to patient are shown 
in figures 3-5. In three cases examined in 
detail differences were noted in the re- 
sponsiveness to conditioning-testing stimuli. 
Whereas summation of responses was clearly 
evident at stimulus intervals less than 10-12 
msec., in no instance was the second response 
of greater magnitude than the same response 
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unconditioned as reported in the cat (Clare 
and Bishop 1955). Another distinguishing 
feature was the variability in the depressed 
period of activity which commenced during 
the latter phase of the dendritic response. In 
the psychotic patients depression of the test 


300yuV hi l1Omsec 


Fig. 3 


Activity eycle of apical dendrites recorded from 
frontal cortex of first psychotic patient prior to 
psyehosurgery. A, conditioning responses; B, testing 
responses; C, alterations of second response at varying 
times after conditioning shock. Note in C inhibition 
of second response 30-40 msec. after conditioning 
shock, and complete recovery at 45-50 msec. Five 
superimposed tracings throughout. Distance between 
stimulating and recording electrodes 2 mm. 


response was apparent up to 40 msec. after 
the first stimulus in one ease (fig. 3), but 
persisted for 100 msee. in the other (fig. 4). 
Little or no depressed phases were detectable 
in the tumor patients after the end of the 


20 msec 


Fig. 4 
Activity eyeles recorded from frontal cortex of second 
psychotie patient prior to surgery. A, conditioning; 
B, testing responses. In C, note marked inhibition of 
testing response. Three superimposed tracings through- 
out. Distance between stimulating and recording elec- 
trodes 2 mm. 
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conditioning response. Some of the factors 
involved in these variations will be discussed 
below. 


D. Response to Locally Injected 
D-Tubocurarine and LSD. 


It has been demonstrated that in the cat 
intravenous administration of 3 mg/kg. d- 
tubocurarine reversibly abolishes the dendri- 
tic response evoked by direct stimulation of 
the cerebral or cerebellar surface or anti- 
dromic excitation of cortical neurons (Pur- 
pura and Grundfest 1956b). Considerably 
less sensitivity to d-tubocurarine blockade was 
noted for human cortical synapses. In figure 
6, the effect of 3 mg. (total) of d-tubo- 


true with regard to the action of the psycho- 
togenic agent LSD. Slow infusion of LSD 
into a cortical artery resulted in a depression 
of evoked dendritic synaptic activity similar 
to that described in the cat (Purpura 1957). 
As in the d-tubocurarine injections control 
studies were also run utilizing rapid injec- 
tions of normal saline in order to deliberately 
blaneh the cortical area under observation. 
The sequence of events illustrated in figure 7 
consists of the pre-injection conditioning and 
testing response in isolation (fig. 7A, B) 
and the depression of the second response 
when it falls 40 msec. after the first stimulus 
(fig. 7C). It should be pointed out that 
introduction of the No. 31 gauge needle into 


Fig. 5 


Activity cycle of apical dendrites recorded from grossly normal cortex of 
patient with subcortical neoplasm. A, conditioning and B, testing re- 
sponses. C, both stimuli applied together; D — G, varying intervals. Inhibi- 
tion not detectable 20 msec. after first shock (D). Five superimposed 
tracings throughout. Distance between stimulating and recording electrodes 


2mm. 


eurarine injected intra-arterially is shown. 
In this instance the cortical artery injected 
supplied the major part of the area in- 
vestigated. Whereas the rapid injection of 
normal saline as a control (fig. 6B) caused 
some reduction in excitability which was as- 
sociated with obvious blanching of the cor- 
tical area, slow infusion of d-tubocurarine 
produced a 30 per cent reduction in re- 
sponsiveness (fig. 6C) with recovery be- 
ginning 5 min. later (fig. 6D). Although the 
sensitivity of dendritic synapses for d-tubo- 
eurarine blockade was found to be consider- 
ably less in man than in the eat, this was not 


the cortical artery preceded the recording of 
the control responses (fig. 7A-C). During the 
registration of these potentials enough normal 
saline was injected into the cortical vessel to 
insure patency of the needle. Sudden pres- 
sure on the syringe resulted in blanching of 
the cortical area with concomitant reduction 
in both responses (fig. 7D) and recovery a 
few seconds later (fig. TE). It is of interest 
to compare the effect of acute hypoxemia 
produced in this manner with the effect of 
50 pg. LSD injected slowly in order not to 
blanch the cortex. Whereas both responses 
were depressed (fig. 7), the first response 


7 a ee eee ee ee 


HUMAN DENDRITIC POTENTIALS 


became less sharply peaked and during the 
testing response a delay was detectable prior 
to the rising phase, which persisted for 
minutes after the injection (fig. 7G). It is 


not clear why the positive component of the 
second response prominent in 7C was oblit- 
erated after LSD (fig. 7G). 


loO cps 
Fig. 6 


Effect of local injection of 3 mg. d-tubocurarine on 
dendritic synapses into cortical artery after trial run 
with saline. A, control prior to rapid saline injection; 
B, during height of saline infusion; C, 30 see. after 
3 mg. d-tubocurarine and D, recovery 5 min. later. 


DISCUSSION 


Physiological mechanisms such as are in- 
volved in excitation and conduction of activity 
along horizontal fibers in the molecular layer, 
generation and form of the dendritic synaptic 
potential, and estimation of synaptic delays, 
etc., are predictable on the basis of exper- 
imental observations on laboratory prepara- 
tions. This is not true with respect to studies 
involving the organization of complex syn- 
aptic systems at the physiological and phar- 
macological levels. In these instances con- 
siderable caution must be exercised in trans- 
lating results across species boundaries. 
Animal experimentation designed to explore 
cortical synaptic organization can only pro- 
vide working hypotheses requiring suitable 
verificz ion in human physiological studies 
similar to those described above. Abundant 
evidence is already at hand indicating a wide 
range of responsiveness of different synapses 
in the same and different species to identical 
pharmacological agents (Grundfest 1957). 
It is inferred from this that both qualitative 
and quantitative differences in biophysical 
processes may be operating to account for 
these results which have been generalized 
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under the heading of ‘‘species specific dif- 
ferences’’. 

Consideration of the foregoing factors 
may reasonably account for some of the dif- 
ferences in results that have been obtained 
in this preliminary investigation and which 
are at variance with results derived from 
animal experiments. Thus the relative in- 
sensitivity of human dendritic synapses to 
d-tubocurarine blockade immediately invites 
attention to these quantitative differences in 
synaptic pharmacology. It should be pointed 


Fig. 7 


Effect of local injection of LSD on dendritic synapses. 
A, conditioning; B, testing responses; C, together. 
Note augmentation of surface positive component 
of second response. D, reduction of both responses 
during rapid saline infusion and immediate recovery ; 
E, F, 30 see. after 50 wg. LSD and G, 5 min. later. 
The development of a detectable delay and abolition 
of the positive component (F, G) as well as a redue- 
tion ot the negative components (F) is apparent. 
Three superimposed tracings throughout this series. 


out that although d-tubocurarine is sur- 
prisingly impotent as a synaptic blocking 
agent in the human cortex, relatively less d- 
tubocurarine injected into the unanesthetized 
eat was previously found to reversibly abolish 
all central synaptic activity (Purpura and 
Grundfest 1956b). Interestingly enough, 
however, quantitative differences in sensitiv- 
ity to d-tubocurarine blockade was also ex- 
hibited by different central synapses (Bern- 
hard et al. 1951; Purpura and Grundfest 
1956 a, b). Similar results have been ob- 
tained in cats with LSD which have been 
confirmed, in part, for the human cortex. The 
inhibition of human dendritic synapses by lo- 
‘ally perfused LSD suggests that the in- 
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hibitory process operates in a fundamentally 
similar manner in cat and man. In the former 
the inhibitory effect has been ascribed to 
an activation of inhibitory post-synaptic re- 
ceptors on dendrites (Purpura 1957) which 
are also available to inhibitory afferents 
either directly or through cortical inhibitory 
interneurons from the ascending brain stem 
reticular system (Purpura 1956 ¢, d). 

The physiological counterpart of these 
pharmacological differences is exemplified by 
variations which have been found in the 
activity cycles of human apical dendrites to 
conditioning-testing shocks. While only de- 
pressed activity, which persisted for about 
100 msec., was reported after a conditioning 
response in the lghtly anesthetized cat 
(Clare and Bishop 1955), the fact that con- 
siderable variations in excitability have been 
detected in human cortex suggests that both 
excitatory and inhibitory synapses on den- 
drites are activated by the conditioning shock 
and that the interaction of opposing de- 
polarizing and hyperpolarizing types of 
electrogenesis will determine overall respon- 
siveness. That this indeed appears to be the 
case has already been demonstrated in animal 
experiments (Grundfest and Purpura 1956; 
Purpura and Grundfest 1956 a, b; Purpura 
et al. 1956). Whether or not any significance 
can be attached to the observation that in- 
hibitory synaptic activity was prominent in 
the cortex of psychotic patients but not in the 
tumor patients, as evidenced by the dif- 
ferences in activity cycles, remains to be de- 
termined by future investigations. 


SUMMARY 


1. Stimulation of the exposed human 
cortex evokes a 15-20 msee. surface negative 
response which is identical to the synaptic 
potential of apical dendrites as recorded in 
the eat. 


2. The conduction velocity of horizontal 
fibers in the molecular layer is 0.5 m/see. A 
central synaptie delay of 1 msec. is determin- 
ed from conduction velocity studies with 
paired recording leads. 

3. Whereas human dendritic synapses 
are relatively resistant to locally injected 
d-tubocurarine, LSD inhibits dendritic activ- 


ity in a manner similar to that observed in the 
cat. 


4. Variations in activity cycles of apical 
dendrites are believed to be accounted for by 
the interaction of opposing excitatory and in- 
hibitory synaptic processes which determine 
overall dendritic responsiveness. 


5. Diseussion has focused on the signifi- 
eance of the suggestive differences in the 
pharmacological and physiological organiza- 
tion of cortical synapses in man and eat as 
they relate to hypotheses of drug actions de- 
termined solely in the latter species. 


The authors wish to express their thanks to Mr. 
Gidon F. Gestring for his valuable technical assistance. 
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Numerous publications relate to the gen- 
eralized cortical recruiting which results from 
repetitive stimulation in the medial thalamus 
(Dempsey and Morison 1948; Jasper 1949; 
Jasper and Ajmone-Marsan 1950; McLardy 
1951; Hanbery and Jasper 1952; Verzeano, 
Lindsley and Magoun 1952; Jasper 1954). 
Present evidence attributes recruiting of 
thalamic origin to a forebrain system econ- 
sisting of: (1) a midline thalamic core with 
wing-like extensions called intralaminar nu- 
elei; (2) an inner shell of reticular nuclei 
separating the dorsal thalamus from the in- 
ternal capsule; and (3) an outer shell com- 
posed of terminal articulations of corticipetal 
axons with cortical neurons. Clare and Bishop 
(1956) believe that cortical recruiting is 
chiefly activated from synapses on dendrites, 
and that recruiting latencies are long enough 
to implicate a slowly conducting, perhaps non- 
myelinated path. 

The anatomical background of this project is 
somewhat detailed and the casual reader may omit 
this and the subsequent two paragraphs. Nauta and 
Whitlock (1954), using a special silver method to 
detect secondary degeneration, found no unequivocal 
evidence to support direct widespread connections be- 
tween the central core and the neocortex. Rather, their 
evidence suggests transmission from the non-specific 
nuclei through paths synapsing in the several specific 
nuclei, or through the reticular nuclei as indicated 
above. No anatomical or physiological evidence has 
developed to support McLardy’s (1951) postulate 
of a radiation of axons rostro-caudally through the 
internal medullary lamina to focus upon centre median 
the effects of activation of more rostrally situated 
cell groups. MeLardy believed it possible that one 
centre median (both directly and through commis- 
sural connections with the other) might diffuse the 
recruiting activation through the several pairs of 
specific nuclei. 

The cat and monkey have been the animals select- 
ed for investigations of the recruiting system. The 


rabbit also has advantages leading to its selection 
for the present study. Good atlases exist as they 
do for the cat (M. Rose 1935; Winkler and Potter 
1914; Sawyer, Everett and Green 1954). Lying 
largely along the raphe with significant commissures 
of cells and axons to connect the two sides, the ar- 
rangements in the medial thalamus permit precise 
study of bi-hemispheral control. The distances tra- 
versed by penetrating electrodes are short by com- 
parison with the cat, allowing greater accuracy in 
placing a _ stimulating electrode. However, as in 
other species, there is little information concerning 
the neuronal arrangements within the medial region, 
of their dendritic plexuses, or of the orientation and 
course of their axons of egress. 


Ramon y Cajal (1903 and 1911) states frankly 
that his preparations of the medial thalamus were less 
perfect than he desired and permitted following the 
axons of egress for but a short distance from their 
cells of origin. He only illustrated the thalamic com- 
missures of the rodent in any detail, and it is diffi- 
cult to translate the nomenclature of his Golgi illustra- 
tions into recent terminology. His commissures are 
often named for the nuclei which they contain, and 
Kappers, Huber and Crosby (1936) have followed 
that convention. 


Perhaps three commissures can be said to have 
significance for this study. The median commissure 
of Cajal (1, fig. 1), is formed by decussating branches 
of corticothalamie axons. These axons appear to give 
ipsilateral branches to the ventralis medialis (tri- 
angularis of Cajal?) and commissural ones to the 
eentralis medialis and the contralateral ventralis 
medialis. The inferior commissure of the raphe (3, 
fig. 1,) passes through the territory of the centralis 
medialis. Some, at least, of its axons could connect 
the dorsomedial nuclei; others connect the centralis 
lateralis and paracentralis of the two sides. Finally 
the commissure of the interdorsal nucleus (2, fig. 
1, 1) is situated between the anterior nuclei of the 
two sides, serving to connect anteroventral and 
anteromedial nuelei reciprocally. Figure 1, 2, drawn 
from several successive Golgi sections of the thalamus 
of a 12-day-old rabbit, illustrates cell arrangements 
in what we believe to be centralis medialis. 
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In summary, the medial thalamic region 
contains in part nuclei which project to spe- 
cific cortical fields (anterior and _ dorso- 
medial). Axons of egress arising in these nuclei 
must traverse the midline nuelei in establish- 
ing their commissural and projectional paths, 
and the whole of this complex substrate is 
accessible to the tip of an activating electrode 
which penetrates the recruiting territory. The 
only prospect at present for establishing un- 
equivocally the origin of the recruiting system 
lies in advanee preparation of the exper- 
imental animal. Thus, an electrolytic lesion 
can be placed directly in one or more specific 
nuclei, or into one of the commissures. Retro- 
grade degeneration after appropriate sections 
of possible projection paths, as the anterior 
limb of the internal capsule, also simplifies the 
experimental preparation. We report here the 
information necessary to undertake such an 
investigation in the rabbit, and results obtain- 
ed in animals with acute and, chronic lesions. 


METHOD 


Eighty rabbits were used. All experiments 
were carried out under light ether anesthesia as 
were the original studies upon cortical rhythms of 
the rabbit done by Bartley and Bishop in 1933. 
Spontaneously appearing barbiturate spindles, such 
as are often equated with recruiting response, were 
absent. 

Uni-hemispheral experiments were generally done 
with the view of determining the distribution of 
recruiting oceasioned by stimulation at particular 
points in the medial thalamus. In them the transcor- 
tical recording electrodes used routinely were placed 
one each in the centers of the precentral granular 
(Praecg), precentral agranular (Praecag), post- 
central (PC), parietal (Par), striate (Str), retro- 
splenial (RsgB), temporal (7) and occipital (0) 
fields (fig. 1, 3) in accordance with the parcellation 
of M. and S. Rose (1933). The bi-hemispheral ex- 
periments were confined to the anterior cortical re- 
gion, pairs of electrodes being placed symmetrically 
in both Praeeg, Praeeag, Par and PC cortices. Closed 
eircles of figure 1, 3 indicate the usual electrode 
positions. 

The stimulating electrodes consisted of two 75yu 
nichrome wires cemented to a fine beading needle as 
a guide. Their tip separation was 0.25 mm. The 
electrode was introduced vertically with reference 
to the coordinates of the Sawyer, Everett and Green 
(1954) atlas, and we follow their ‘symbols in in- 
dicating the transverse planes between APO (bregma) 


Fig. 1 


1. Frontal sections of rodent thalamus at levels P-1 
and P-3 showing nuclei and commissures. AD, N. 
anterodorsalis. AM, N. Anteromedialis. AV, N. 
Anteroventralis. APV, N. paraventricularis anterior. 
CL, N. Centralis lateralis. CM, N. centralis medialis. 
DM, N. medialis dorsalis. IC, internal capsule. LA, 
N. lateralis anterior. OT, optic tract. Ped., peduncle. 
PC, N. paracentralis. PT, N. parataenalis. RE, 
N. reuniens. RM, N. rhomboideus. Ret., N. retic- 
ularis. III V, third ventricle. I, median commissure 
of Cajal. 2, commissure of the interdorsal nucleus 
of Cajal. 3. commissure of the noyau supérieur du 
raphe of Cajal. 

2. Free-hand sketch of cell grouping believed to lie 
within the N. centralis medialis of a 12-day-old-rabbit. 
Quick Golgi. Cells of several successive sections are 
included in a composite drawing. 

3. Dorsal view of the hemisphere of the rabbit from 
the atlas of M. and 8S. Rose (text). Closed circles 
indicate positions of cortical electrode placements with 
respect to Rose’s fields. 
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and P-6. With repeated penetrations depending upon 
the design of a particular experiment the needle 
was introduced successively in a parasagittal plane, 
0.5 to 1.0 mm. from the midline, in positions extend- 
ing from APO to P-5; or it was entered upon a 
transverse plane (L 1.5 to R 1.5) at P-1 or P-3. 
Electrolyses were made routinely to mark critical 
depths and the brains were fixed later in ferrocyanide- 
formalin solution. A Grass stimulator with isolation 
transformer was used, stimulus duration ordinarily 
not exceeding 0.1 msec. except for chronic lesion 
experiments when it was sometimes necessary to use 
1.0 msee. duration. For each successive depth at 
0.5 mm. intervals a decrementing voltage series from 
30 V. to 3 V. was obtained. Oscillographic sweep 
records of single responses activated from the re- 
eruiting region of the thalamus were obtained at 
30 V., and recruiting series at 30 V. (and lower) 
were obtained using 6 per sec. stimuli. 

In 36 animals of the series acute lesions were 
produced during the experiment, or chronic lesions 
were made 8-24 days preceding the experiment. These 
will be described in detail later. 


RESULTS 


1. General Observations. Past the stage 
of preparation it was often possible to dis- 
eontinue intratracheal anesthesia, the rabbit 
remaining quiet for an hour or more in a 
state of relaxed wakefulness. If movement 
occurred during stimulation only enough 
ether was used to quiet the animal. Under 
these circumstances the majority of rabbits 
showed a regular frequency 6 per sec. rhythm 
in Str, Par and PC leads. Praecg and Praecag 
cortices ordinarily showed more irregular 2-4 
per sec. activity of fluctuating voltage. 


Before entering the midline thalamus the 
exploring electrode may pass through the 
fimbria. Repetitive stimulation there can 
produce a retrosplenial response pattern like 
recruiting. Between transverse planes P-1 
and P-3 the tip of the electrode usually ap- 
proached the active thalamic recruiting area 
at a depth of 7.0 mm., corresponding (line 
P-1) to the upper edge of the midline para- 
taenial and anterior paraventricular nuclei. 

Records obtained at successive depths along 
different electrode penetrations. Single stim- 
uli at 7 mm. depth ordinarily produced low 
voltage potentials of diphasie plus/minus con- 
figuration. Between 7.0 and 8.5 mm. the 
initial positive deflection (Praecag or Praecg 


recording) increased significantly in voltage. 
The second negative also inereased, its de- 
scending limb showing the start of a succeed- 
ing slower negative deflection. The degree 
of separation between these first and second 
negatives was variable. The later one was 
succeeded by a final still slower positive 
phase, overlaid by a brief train of 16 per 
see. waves. At a depth of 9.0 to 9.5 mm. 
the voltage of the initial positive became re- 
duced, and the negative phase might then be- 
come the initial deflection. This change 
usually took place just beneath the specific 
nuclei and in the region of highest recruiting 
sensitivity. 

At the 7 mm. depth one of two changes in 
the form of record could develop during 
repetitive stimulation (30 V., 6 per sec.), 
RsgB, Praeeg and Praecag cortices showing 
the altered. pattern most clearly. The re- 
eruiting sequence might initially surmount 
the spontaneous one; or, without the ap- 
pearance of recruiting waves, the tracing 
might change during stimulation to a low 
voltage fast activation pattern. Variants 
were noted in other cortical fields. For ex- 
ample, on line P-1, T and O cortices might 
show non-recruiting fast positive deflections 
at 7.0 mm. depth. Moving the electrode 
0.5 mm. deeper could initiate negative polarity 
recruiting there. Between the repeated brief 
courses of stimulation given as an electrode 
was sunk through the recruiting-sensitive area 
of the medial thalamus, the resting frequency 
of the tracing might disappear entirely. 
When this change occurred it was not ac- 
companied by a corresponding loss in sens- 
itivity to recruiting. After withdrawal of an 
electrode the spontaneous pattern could re- 
appear, although not usually at the amplitude 
it had exhibited previously. 

Comparison of 0.5 and 1.5 mm. para- 
sagittal electrode penetrations. On lines P-1 
and P-3 the stimulus strength necessary to 
elicit recruiting was the same whether the 
electrode entered on the sagittal or the 1.5 
parasagittal plane. Between 7.0 and 9.5 mm. 
the sensitivity increased (threshold at the 
latter depth 3 V.), but any abrupt change in 
sensitivity usually oceurred near the upper 
level. From the sagittal plane to 0.5 mm. 
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parasagittally (upon either P-1 or P-38 
transverse lines) the electrode penetrated 
successively the anterior paraventricular, the 
interanteromedial (P-1 alone), the centralis 
medialis and the rhomboid nuclei. At 1.5 mm. 
lateral to the midline the exploring electrode 
passed through the anterior nucleus on the 
P-1 plane, the dorsomedial upon the P-3. At 
the lower limits of these (8.5 - 9.0 mm. depth) 
the electrode entered centralis lateralis. These 
impressions have been confirmed by the situa- 
tions of electrolytic lesions made at positions 
of highest recruiting sensitivity. Thus, as in 
the cat, the most sensitive recruiting territory 
relates in depth to the position of centralis 
medialis and lateralis nuclei (Jasper 1954). 


Search for topical relation between parts 
of the medial thalamus and the cortical fields. 
We did not observe a close topical relation 
between parts of the medial thalamus and 
of the architectonic fields of the Rose (1933) 
map. However, the medial thalamic region is 
relatively narrow in the transverse diameter 
and perhaps less suitable than that of the 
eat for localization studies. Ordinarily re- 
eruiting developed simultaneously in several 
cortical fields with a small change in depth 
of the stimulating electrode, and showed 
roughly corresponding thresholds for those 
fields. Except for the P-5 penetrations, RsgB 
often manifested recruiting from the more 
superficial electrode positions (7.0-8.0 mm.), 
and its responses tended to be coupled with 
those of T and O fields. Str recruiting could 
be elicited from anterior electrode placements 
(P-1 line), and in some experiments that field 
had a lower threshold at 7.0-8.0 depth than 
did RsgB. From P-1 to P-3, Praecg and 
Praecag fields gave lowest threshold recruit- 
ing below these superficial electrode positions. 
As the depth of stimulation increased, re- 
eruiting might appear in those leads abruptly, 
although the voltage of recruiting responses 
in RsgB, T and O fields was lost only gra- 
dually. At P-5 Praecg and Praeecag fields 
could show the lowest threshold with the more 
superficial electrode positions. PC and Par 
usually responded at the same depth as 
Praeecg and Praecag but at a higher threshold. 
It was not usual to elicit recruiting signifi- 
cantly caudal to P-5. Finally, a generalization 
of Jasper (1954) is concurred in — the higher 


the stimulating voltage the more widespread 
the recruiting response is likely to be. 
Wave composition of the recruiting series 
as it effects latency measurements. A single 
component of a recruiting series may con- 


Fig. 2 


Single responses evoked in precentral granular cortex 
from stimulating medial thalamus at a depth of 9.5 
mm. Transverse level P-3. Pos. up. The left hand 
column shows the effect of successive stimuli (2-20 
at 5 msec. intervals) in lengthening progressively the 
negative phase of the response. Compare with response 
to a single stimulus at bottom. The right column is 
from another experiment, stimulus at P-1; a similar 
effect is recorded simultaneously from contralateral 
(upper beam) and ipsilateral (lower) cortex. Stimulus 
strength 30 V., 0.1 msee. 
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sist of a negative wave alone, of a diphasic 
positive-negative one, or of a triphasic pos- 
itive-negative-positive complex. Most workers 
have recognized these variants. Verzeano, 
Lindsley and Magoun (1953) indicate that 
the first positive deflection follows the shock 


nucleus. However, Clare and Bishop’s (1956) 
identification of a decremental and an incre- 
mental series during recruiting suggests that 
recruiting latency should only be measured 
to the start of the incremental response. 
In our figure 3, 2, A and B are the lst and 
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Fig. 3 


1. 1, 2, 3 and 4 of the oscillograph traces are records from left (upper) 
and right (lower) precentral granular leads to show comparative latencies 
obtained from a series of stimulating points that cross the midline of the 
thalamus on line P-3. Row A illustrates the 4th responses of recruiting 
series. Row B, shows singly evoked responses. Pos. up. Point 3 was electro- 
lyzed in the midline. Points 1 and 2 are in the left thalamus and point 
4 in the right. 

2. Comparable to 1 above. Row A illustrates the lst responses of recruiting 
series; Row B, the 4th responses. Note the nearly identical latencies in 
column 3. Row C shows recruiting responses of right (upper) and left 
(lower) precentral agranular cortices immediately after section of the 
anterior limb of the left internal capsule (C-1) and after % hour. (C-2) 
Electrode positions as in 1, 

3. Schematie illustration of average latencies of the first positive (10 
experiments) and of the negative phase (6 experiments) of the recruiting 
wave. Tracings from which latency measurements were made were com- 
parable with those illustrated in 1 and 2. H, homolateral; C, contralateral 
cortex. Distances of stimulus points from midline are indicated. 


artifact closely enough to represent a specific 4th responses of a recruiting series. Each 
response, and we, too, have obtained brief- shows a double-humped initial positive deflec- 
latency positive cortical deflections which tion. Comparison of B with A indicates that 


reached maximal voltage when the stimulus 
position was just beneath the dorsomedial 


the second hump has incremented during re- 
eruiting, and thus the start of this deflection 
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represents, the origin of;the recruiting wave. 
Similarly, when:the recruiting wave appears 
as a monophasic negative deflection, there 
may be a difference in latency to the start of 
the 1st and 4th waves of the recruiting series. 
For these reasons we have uniformly made 
our measurements upon the 4th wave of the 
recruiting series, measuring to the start of 
the first significant positive deflection. 

2. Effect of stimulus pattern wpon the 
duration of the negative component in single 
and recruiting responses initiated from the 
medial thalamus. In some experiments trains 
of 2 to 50 stimuli at 5 msec. intervals were 
substituted for the individual stimulus or- 
dinarily used to evoked a single response, or 
in 6 per sec. sequence to produce a recruiting 
series. In either case the substitution of a 
train for a single stimulus lengthens the 
negative component of the individual re- 
sponse. As shown in figure 2 the lengthening 
of the single response negative .is propor- 
tional to the length of the train of stimuli 
which evokes it. In some instances the 
negative was held at a relatively steady po- 
tential during a brief interval of stimulation ; 
in others, as the train was lengthened appre- 
ciably decrement occurred. If the negative 
component is the second phase of a triphasic 
sequence which terminates in a final surface- 
positive phase, that positive is displaced later 
as the length of the train is inereased. Dis- 
placement to a critical extent was noted to 
eause very marked potentiation of this late 
positive component. 

When trains are substituted for single 
stimuli at 6 per sec. frequency the recruiting 
waves are also altered. In the more con- 
elusive experiments they often became longer 
until a stimulus period was composed of 
15-25 shocks. After that the effect was 
variable between different cortical fields ; past 
the third or fourth recruited response the 
amplitude of the successive waves generally 
fell off rapidly. 

3. Stimulus latency from medial thalamus 
to Praecg and Praecag cortices. For each of 
4 stimulus points forming a transverse series 
across the median raphe of the thalamus (line 
P-1 or P-3) left and right homologous cor- 
tical points were recorded upon sweeps and 
recruiting responses upon film strips. Mea- 
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sured from the electrolyses, distances of points 
of stimulation from the midline varied. Some 
were exactly in the midline. Using the 4th 
recruiting wave as the standard, homo- and 
contralateral cortical points recorded simul- 
taneously were measured for (1) the latency 
to the start of the positive deflection, and (2) 
to the intersection of a line paralleling the 
rise of the negative recruiting wave and the 
baseline of the record. In 10 such experiments 
the former alone was reliable; for 6 of those 
the latency to the beginning of the negative 
wave was also considered reliable. The results 
are illustrated graphically in figure 3, 3. 

An interesting finding resulted. If the 
stimulating tip was situated exactly in the 
midline there was no appreciable latency dif- 
ference to corresponding points on the left 
and right cortex. If the stimulating tip de- 
viated as little as 0.25 mm. from the midline a 
significant difference appeared. At 0.5 mm. 
from the midline that difference became more 
pronounced, the homolateral cortical point 
having a briefer latency and the contralateral 
a longer one. At 1.5 mm. parasagittally the 
discrepancy increased slightly. This dif- 
ference is illustrated for two experiments in 
figure 3, 1 and 2 with histological sections to 
confirm the positions of the stimulating elec- 
trodes. 

4. The effects of acute lesions upon thresh- 
old and amplitude at maximum of recruiting 
waves. Several types of experimental altera- 
tion are reported. In three experiments a 
stimulating electrode was inserted to a pre- 
determined depth and simultaneous records 
were obtained of responses from the two 
hemispheres at a series of voltages between 
threshold and maximum. The corpus callosum 
was sectioned acutely and the same tracings 
were obtained thereafter. In no case was there 
a significant alteration. Of the three callosal 
sections, later histological control proved two 
to have been complete. One was incomplete, 
the posterior 1/5 being intact. 


In two experiments a control series of 
responses at stimuli from 3 to 30 V. was ob- 
tained; the anterior limb of the left internal 
capsule was then sectioned with the stim- 
ulating electrode still in place. In both there 
was a marked reduction of recruiting in 
homolateral PC, Par, Praecg and Praecag 
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cortices. In one of the two animals low voltage electrode insertion 0.25 mm. to the left of the 
recruiting responses returned 14 hr. after midline and 9.5 mm. deep, strong recruiting 
section (fig. 3, 2, C-1 and C-2). was obtained with a threshold at 3 V. Next 

The final experiment of this series devel- the electrode was reinserted at the midline. 
oped fortuitiously (fig. 4). From the initial Histological control proved later that this 
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Fig. 4 

Acute lesion, showing the effect of destruction of the anterior poles of 
centralis and rhomboid nuclei by hemorrhage. Left column shows recruiting 
amplitude at 30 V., 0.1 msec. upon first insertion of the stimulating electrode. 
This penetration was situated to the left of the midline hemorrhage 
occasioned by the next electrode penetration. At comparable stimulating 
voltage upon that line the recruiting response voltage was markedly reduced. 
The 3rd insertion is indicated by the electrolysis to the right of the 
hemorrhage. Note that 1. precentral granular and agranular cortices now 
show markedly reduced recruiting response from right-sided stimulation. 
Oscillographic traces at bottom of left and central columns indicate marked 
effect of the hemorrhage upon the 4th response of a recruiting series. 
Upper trace, right precentral granular cortex; lower trace, left precentral 
granular. 
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insertion occasioned a small hemorrhage de- 
stroying the rostral poles of rhomboid and 
eentralis medialis nuclei and interfering with 
the commissural connections in that region. 
The recruiting response voltage obtained from 
the insertion was significantly reduced bila- 
terally for Praeeg and Praecag leads and 
abolished for Par and PC leads. Finally a 
third penetration was made to the right of 
the midline. There we continued to obtain 
recruiting from R. Praeeg and Praecag cor- 
tices, but the left-sided points no longer re- 
sponded significantly. Thus a very localized 
acute lesion in the midline thalamus can in- 
terfere decidely with the propagation of re- 
eruiting activity, and this result led us to the 
use of animals with chronic midline lesions. 

5. The effect of chronic lesions upon re- 
cruiting. Our entire series comprised 36 
animals, used 8-24 days subsequent to the pre- 
paratory procedure. 


The corpus callosum had been sectioned 
completely in four. These showed no effect 
upon either thresholds of recruiting response, 
upon amplitude at maximum or latency. 


In five the anterior limb of the left in- 
ternal capsule was sectioned previously. Of 
these the section was laterally situated in one, 
occasioning retrograde degeneration in the 
ventrobasal nucleus (fig. 5, 1). In the others 
the section was located medially and retro- 
grade change involved principally the dorso- 
medial nucleus and neighboring midline nu- 
elei to the raphe, although with variable com- 
pleteness. The loss of 16 per sec. spindles as 
sequelae of single shocks was striking upon 
the side of the lesion (fig. 5, 2, column 1), and 
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background activity was reduced. By com- 
parison with the unaffected right side, in all 
of the five the amplitude at recruiting re- 
sponse maximum (6 per see., 15-30 V., 0.1 
msec.) was markedly reduced in homolateral 
Par and PC lead combinations, and the 
thresholds were elevated there. The reduc- 
tion was significant but less striking in Praecg 
and Praecag leads. In all animals these 
thresholds were appreciably elevated. The 
two which showed marked reduction in re- 
cruiting response at the higher stimulus 
strengths also showed larger areas of severe 
retrograde change in the dorsal midline area 
(fie. 5, 2). 

In five, parasagittal lesions were made 
3 mm. to the left of the thalamic raphe, ex- 
tending maximally from APO to P-6, minim- 
ally from P-2 to P-6. In these we did not 
detect significant alteration in recruiting volt- 
age of Par, PC, Praeeg and Praecag leads. 


In two others the anterior limb and left 
parasagittal lesions were combined in a 
single hockey-stick incision (fig. 6). In both 
of these there was very marked reduction in 
recruiting from all ipsilateral lead combina- 
tions, although at 30 V. minimal left-sided 
recruiting remained. In one of these animals 
stimulation within the area of retrograde 
degeneration even slowed the contralateral 
(right) reeruiting response, although the 
structure of that thalamus remained normal 
as did the ipsilateral right-sided recruiting 
response. : 

In 20 of the 36 animals chronic lesions 
from 1-3 mm. diameter were placed electro- 
lytically in the midline region with three main 


Fig. 5 

1. In this experiment the anterior limb of the left internal capsule was sectioned more laterally 
than usual. Retrograde degeneration occurred principally in the ventrobasal nucleus, and the 
midline nuclei were spared. The mild asymmetry in amplitude of recruiting response is no 
more than may be seen in normal preparations. Numerals under the vertical columns indicate 
stimulus voltages at 0.1 msec. duration and L. and R. the side of stimulation in the midline 
thalamus. The horizontal rows derive from alternating right and left cortices. 

2. Inkwriter strips to indicate voltages of recruiting responses, right and left-sided lead 
combinations of bihemispheral placement, with stimulating electrode to left (LL) and right 
(R) of the midline. Single responses are shown in two columns to the left, and the remaining 
pair show recruiting responses to a 6 per sec. stimulus series at progressively diminishing 
voltage to 6 V. The area of retrograde degeneration in the left thalamus following section 
of the anterior limb of the left internal capsule is shown in the inset figure. Note that 
Par and PC leads show complete loss of recruiting at even 30 V. stimulus strength. The 
loss for precentral granular and agranular cortices is clearly obvious at threshold of 6 V., 
but is also apparent from differences in amplitude for 9, 12, 15 and 30 V. traces. 
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objectives: (1) complete destruction of one 
or both dorsomedial nuclei; (2) occasioning 
significant local destruction in the midline 
nuclei; (3) interruption of parts of the com- 
missural systems as illustrated in figure 1 A. 
The experiments were conducted 8 to 20 days 
later using the bi-hemispheral electrode distri- 
bution designed to cover the anterior cortices, 
and with the plan of passing the stimulating 
electrodes near to and through the lesions. 


territory just rostral to the thalamus. These 
lesions had no effect upon recruiting in the 
cortical territory examined (stimulating elec- 
trodes at line P-1). In three others we had 
placed histologically verifiable lesions in the 
dorsomedial nuclei. Two results are selected 
for detailed note. In one (fig. 7, 1) the lesion 
was small (1 mm.) and situated in the center 
of one nucleus surrounded by a significant 
margin of normal cells. There was no effect 
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Fig, 6 


Chronic lesion combining incision of left internal capsule with parasagittal 
lesion of thalamus. Inset figure shows almost complete involvement of the 
left parasagittal portion of the thalamus. Whereas recruiting is almost 
completely abolished from the left side, there is still a minor remaining 
response in left precentral granular and agranular fields. 30 V. stimulus 


strength. 


The number of animals upon which successful 
experiments were conducted was insufficient 
to solve all of the problems concerned in the 
origin and distribution of cortical recruiting, 
but significant data were obtained. 

Apart from the animals in which the le- 
sions were too small to produce discernible 
effect upon recruiting or to identify a lesion, 
three animals showed 2 mm. wide bilaterally 
placed lesions located in the ventral septal 


upon the recruiting response of either hem- 
isphere with electrode insertions at 0.5 and 
1.5 mm. to each side of the midline, low 
threshold and high amplitude at maximum 
being obtained from the near neighborhood of 
the lesion as well as elsewhere. In the other, 
large symmetrically placed bilateral lesions 
destroyed both dorsomedial nuclei completely, 
leaving the underlying midline territory in- 
tact (fig. 7, 2). The lesion upon one side 
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encroached upon the dorsally situated mid- 
line nuclei; the opposite one did not. The 
plane selected for entry of the 4 stimulating 
electrodes fortunately passed through both 


nuclei of the opposite side. Using our usual 
stimulus parameters, recruiting was absent 
from stimulus positions within the necrotic 
remainders of the nuclei (fig. 8) but strong 


Fig. 7 
Photomicrographs of chronic lesions of the midline thalamus placed to 
secure the experiments illustrated in figures 8 and 9: 1, partial destruction 
of one dorsomedial nucleus; 2, destruction of both dorsomedial nuclei (see 
fig. 8); 3, extensive lesion confined to the midline nuclei (fig. 9, 1); 
4, destruction of the midline thalamus in another experiment (fig. 9, 2) ; 
5 and 6, experiments in which a portion of the dorsal raphe was destroyed. 


destroyed nuclei, and the 2 more lateral in- 
sertions went through the centers of the le- 
sions. Of the more medially placed insertions, 
one passed through the ‘‘normal’’ midline 
nuclei and the other through the affected 


recruiting with low threshold and excellent 
propagation to the opposite hemisphere was 
obtained as soon as the electrode tip pene- 
trated the ventral margin of a destroyed nu- 
cleus to enter paracentralis and centralis la- 
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teralis. From these points in the midline nu- 
elei the increment in recruiting amplitude 
between the first and fourth response was 
300 per cent or higher. Of the mesially placed 
electrode entries in this experiment the one 
passing through unaffected dorsal midline 
territory showed normal recruiting through- 
out its thalamic penetration to centralis 


nuclei shows that neither the dorsomedial 
nuclei nor their paths of egress through the 
midline region are essential to recruiting 
activation. 

Four experiments upon animals in which 
large single lesions were so placed as to 
destroy midline territory below the specific 
nuelei are also significant. The lesions were 
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Fig. 8 


Selected recruiting response tracings from the animal in which both dorso* 
medial nuclei had been destroyed (fig. 7 2). Three depths, 8-8.5, 9 and 
9.5 mm. are represented on each of 4 electrode penetrations in the transverse 
plane of the destroyed nuclei. Lines L. and R. 1.5 passed through the 
affected nuclei. Note the flat tracings from stimulation within the lesions 
at 30 V. 1 msec. by comparison with relatively normal recruiting upon 
lines which passed medial to the nuclei, and from all positions beneath the 
dorsomedial nuclei. Fourth responses of recruiting series are illustrated 
in each case, the amplitude increment averaging 300 per cent. We conelude 
from this experiment that the dorsomedial nuclei do not play an essential 
role in the recruiting process initiated from the medial thalamus. At 8 mm. 
depth, penetration R. 0.5 passed through the medial edge of the lesion, 
which extended into the dorsal midline thalamus. Thus the recruiting in 
that trace is somewhat lower than obtained from deeper positions upon 


the same line. 


medialis; the other, which passed through 
the mesial margin of the lesion, showed an 
increase in threshold and lowering in am- 
plitude of recruiting from positions at the 
margin of the lesion. We concluded that the 
inexcitable tissue about the electrode tip 
within the lesion is responsible for the ap- 
parent insensitivity; by contrast, excellent 
recruiting obtained from the intact midline 


situated on the raphe at P-3 or P-4. In all 
of these, contralateral recruiting was either 
abolished or showed marked reduction from 
electrode penetrations in the neighborhood of 
the lesion. Typical lesions from two exper- 
iments are shown in figure 7, 3 and 4. In 
one animal (fig. 9, 2) weak ipsilateral re- 
eruiting at significantly elevated threshold 
was obtained from points neighboring upon 
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the lesion. In another, responses followed 
the recruiting stimulus but were lower in am- 
plitude than the response evoked by a single 
stimulus, did not have recruiting character, 
and required a stimulus duration ten times 
that usually employed (fig. 9, 1). In both 
of these, excellent recruiting was obtained 
from points significantly rostral to the lesion. 
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other two experiments gave confirmatory 
results. 

In two additional animals small lesions 
in the dorsal part of the raphe severed that 
part of the commissural system without en- 
croaching upon the neighboring dorsomedial 
nuclei. These animals showed normal ipsi- 
lateral recruiting, but the threshold of con- 
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Tracings from 3 experiments with midline lesions, 1, 2 and 3. All are characterized by 
significant impairment of contralateral recruiting. The letters R and L at the bottom of 
the tracings indicate the side of penetration of the stimulating electrode. The symbol to the 
right of the figure indicates the cortical field from which the tracings upon that horizontal 
line were obtained. Drawings at the bottom of each experiment indicate the size and position 
of the lesion. The traces in experiment 1 were obtained at 30 V. 1 msee. and do not 
represent true recruiting since the repetitive waves have a lesser voltage than the initial one. 
However, true ipsilateral recruiting at reduced amplitude was obtained in 2, 30 V. 0.1 msee. 
Experiment 3 shows relatively normal ipsilateral recruiting, reduced contralateral, at 30 V. 
0.1 msec. Thus even a small dorsally situated commissural lesion can interfere with crossed 
recruiting transmission. 


These experiments emphasize that recruiting tralateral recruiting was significantly elevat- 


may have a relatively local origin, and that 
even the destruction of its pivotal territory 
(centralis medialis) does not prevent ipsi- 
lateral recruiting from remote positions 
within the midline thalamus. However, sig- 
nificant commissural destruction always in- 
terfered with contralateral recruiting. The 


ed in both (fig. 9, 3), and response at 
maximum was reduced by comparison with 
recruiting upon the ipsilateral side. The 
lesions are illustrated in figure 7, 5 and 6. 
Together with the more ventrally situated 
midline lesions these illustrate the importance 
of the thalamic commissures in effecting 
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normal contralateral recruiting. Unlike the 
more ventrally situated extensive lesions, we 
did not note an effect upon ipsilateral re- 
eruiting. 


DISCUSSION 


We have generally confirmed for the 
rabbit recent studies by Jasper and collab- 
orators (cat and monkey), extending the 
prior observations in several directions. 


There are significant differences in latency 
to symmetrical points on left and right cor- 
tices from parasagittal positions of the stim- 
ulating electrode in the medial thalamus. In 
our study only exact midline stimulation has 
provided identical latencies to the two Praecg 
and Praecag cortices. When the electrode tip 
was situated as little as 0.25 mm. from the 
midline a significant latency difference was 
noted. This difference increased with more 
lateral insertion of the electrode, the latency 
to the ipsilateral cortex shortening and that 
to the contralateral one lengthening. For our 
experiments, at least, this implies a quite local 
origin of a relatively generalized response. 
Otherwise current spread from the point of 
stimulation across the midline should be more 
effective in equalizing the latencies. The 
distances between electrode tips in a trans- 
verse series across the midline of the thalamus 
is also believed to be too short to account for 
the latency difference in terms of conduction 
distance alone; thus the results support a 
neural spread from one side to the other 
through a midline local cireuity with inter- 
vening synapses. The finding also suggests 
that temporal integration of the recruiting 
effects in the cortices of both hemispheres 
would require a more caudally situated mech- 
anism to feed simultaneous impulses into the 
two halves of the medial thalamus. 


The result of substituting trains of stimuli 
at 5 msee. intervals for single ones is to 
broaden the negative wave of the single cor- 
tical response evoked from the thalamic re- 
eruiting area. Clare and Bishop (1956) had 
already shown this to occur in cortically activ- 
ated recruiting and proposed that the den- 
drites are a graded response component with 
no absolutely refractory period. In the situa- 
tion reported here we contemplate the arrival 
at the cortical dendrites of volleys of impulses 
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in temporal succession, the effect of which is 
to prolong the negative phase as previously 
reported. In favorable preparations the neg- 
ative phase can be held at relatively steady 
potential during brief intervals of stimula- 
tion. With longer trains it decrements appre- 
clably, and this happens more rapidly upon 
the contralateral side. The latter is under- 
standable if propagation across the midline 
requires intervening synapses which fatigue 
with successive passages of impulses. 

Other data of the same sort indicate that 
when the negative cortical wave is recorded 
as a part of a triphasic response, the succeed- 
ing positive phase is displaced from the stim- 
ulus as the negative phase is successively 
lengthened. As this final positive phase is 
displaced past 25 successive stimuli it may 
rapidly potentiate. We suggest only that the 
final positive deflection may be occasioned by 
the invasion of basal dendrites of the cortical 
pyramid from the apical one, and that this 
effect becomes more marked with longer main- 
tainance of depolarization of the apical mem- 
ber. 

Chronic lesions situated along the pre- 
sumed conducting path to the cortex afford 
two types of histological control: (1) the size 
of the lesion, and (2) the extent and complete- 
ness of the retrograde degeneration which 
ensues. If the latter is large and complete, 
stimulation within it may alter the form of 
the recruiting response to contralateral cortex 
even though the medial thalamus upon the 
contralateral side remains unaffected by the 
retrograde degeneration. 


Lesions of the anterior limb of the internal 
capsule effectively reduced recruiting over 
the anterior part, at least, of the affected 
hemisphere. In our series of five animals the 
reduction in recruiting was always quite 
manifest in PC and Par leads, and was most 
often significant in Praecg and Preacag leads 
as well. The reduction was proportionate to 
the size of the area of retrograde cell change 
and to the completeness of loss of cells within 
it. In animals showing smaller areas of re- 
trograde change the effect might only be 
manifest in the recruiting threshold. Larger 
areas of retrograde change were associated 
with reduction in recruiting voltage that was 
as apt to be evident at maximum as well as 
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at threshold. Parasagittal thalamic lesions 
produced significantly less effect upon re- 
eruiting. The combination of the two, how- 
ever, gave as nearly complete abolition of re- 
eruiting (anterior cortical fields) as could be 
obtained with chronic lesions not affecting 
the medial thalamus directly. It was in such 
animals that we observed longer latency and 
slower recruiting waves in the cortex of the 
opposite hemisphere with parasagittal stim- 
ulation in the area of retrograde degeneration. 
By contrast the same contralateral cortex gave 
normal recruiting from stimuli to the medial 
thalamus of its own side. We conclude that 
within the limits of accuracy of the method 
the anterior limb of the internal capsule re- 
presents the principal recruiting path to the 
anterior part of the hemisphere. However, 
alternative paths may exist as witnessed by 
the striking effectiveness of more extensive 
lesions that both separated the mesial from 
the lateral thalamus and divided the anterior 
limb of the internal capsule. 


Hanbery, Ajmone-Marsan and Dilworth 
(1954) using acute lesions in the eat, found 
suggestive evidence that the paths for non- 
specific fibers between thalamus and frontal, 
motor, sensory and cingulate areas lie within 
the anterior limb of the internal capsule. 
They assumed that fibers passing to parietal, 
visual and auditory cortices run through the 
posterior limb. Our results demonstrate that 
the anterior limb contains the components 
indicated and includes fibers to the parietal 
cortex as well. 


These authors did not demonstrate the path 
to the contralateral hemisphere but suspected 
that it passed through the massa intermedia 
or the subthalamus. Our experiments employ- 
ing chronic lesions of the midline thalamus 
show that the entire midline commissural sys- 
tem is probably involved in cross conduction 
of recruiting activation, and that subthalamic 
components are unnecessary. Lesions of the 
midline territory chiefly relating to centralis 
medialis, have always occasioned a marked 
reduction in contralateral recruiting (com- 
missural destruction), and even a small lesion 
in the dorsal raphe may elevate the threshold 
of contralateral recruiting. 

True recruiting can sometimes be obtained 
from the margin of a large midline thalamic 


lesion, but often electrodes must be signif- 
icantly removed from the lesion to provide 
strong and low threshold responses. In any 
event there is no one central recruiting focus 
destruction of which effectively abolishes all 
ipsilateral recruiting. 

The experiments in which low threshold, 
high amplitude recruiting could still be ini- 
tiated from the underlying midline thalamic 
region after destruction of both dorsomedial 
nuclei indicate that these nuclei are not es- 
sential to activation of normal cortical reeruit- 
ing from the midline thalamus. 


SUMMARY 


Cortical recruiting activated from the mid- 
line thalamus was studied in 80 animals, in- 
cluding (1) distribution elicited at different 
stimulus positions in the AP and transverse 
planes, (2) comparative latencies from para- 
sagittal points to the cortices of the two 
hemispheres, and (3) the effects of acute and 
of chronic lesions involving conceivable sour- 
ees and routes of activation. The following 
are our significant conclusions: 

1. Using stimulus trains (with stimuli 5 
msec. apart) to replace usual single stimuli, 
the negative phase of the single response 
evoked from a recruiting region is progres- 
sively extended as the length of a train in- 
creases. When trains at 6 per sec. recurrence 
replace the usual recruiting stimulus, the 
wave durations are also prolonged, although 
with longer trains the response ordinarily 
falls off rapidly past 25 stimuli. 

2. From parasagittal stimulation there is 
a significant latency difference to ipsi- and 
contralateral recording points, only midline 
stimulation resulting in nearly equal latency. 
Parasagittal placement shortens latency to the 
ipsilateral and lengthens it to the contralateral 
cortex. 


3. Neither acute nor chronic lesions of the 
corpus callosum influence recruiting activ- 
ated from the midline thalamus. Lesions of 
the anterior limb of the internal capsule re- 
duce the responsiveness of the rostral cortex 
of that hemisphere significantly. If a large 
area of retrograde change is produced by a 
chronic lesion, the effect upon recruiting is 
more pronounced than with a smaller area. 
Parasagittal lesions which do not affect the 
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internal capsule or penetrate the thalamic 
pedunele interfere with recruiting much less 
significantly. Combinations of the two nearly 
abolish ipsilateral recruiting. 

4. Very active recruiting can be obtained 
from midline nuclei after destruction of both 
dorsomedial nuclei. Lesions on the raphe in- 
volving centralis medialis and rhomboideus 
nuclei significantly affect recruiting from 
electrode penetrations in the neighborhood of 
the lesion. Due to destruction of commissural 
connections the effect is more pronounced 
contralaterally. Active ipsilateral recruiting 
ean still be elicited from rostral stimulating 
positions in the midline thalamus when a large 
lesion has destroyed the centralis medialis. 
Small dorsal lesions of the raphe reduce con- 
tralateral recruiting and elevate its threshold, 
indicating that the commissural system con- 
eerned with recruiting does not occupy a re- 
stricted part of the raphe. 

5. Section of the anterior limb of the in- 
ternal capsule effectively abolishes the repe- 
titive cortical spindles that follow single stim- 
uli to the intralaminar nuclei. 

6. The findings are in general accord with 
prevailing opinion, give direct confirmation 
of the importance of the midline nuclei, and 
show that the dorsomedial nuclei, at least, are 
not essential to recruiting. 


We appreciate fully the careful histological 
assistance of Mr. Joseph Inukai during the course of 
this study. 
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INTRODUCTION 


A number of reports have deseribed the 
effects of peripheral, subcortical and cortical 
stimulation on the EEG recorded from sub- 
cortical electrodes in awake subjects. Attempts 
have been made to correlate the EEG with 
behaviour in the fully conscious, reacting sub- 
ject. Because of limited frequency response, 
electroencephalographic techniques prevent 
consideration of the more rapid electrical 
events of the brain which are less complex and, 
therefore, more readily analyzable. Purpura 
(1956), Green and Adey (1956) and others 
have reported such evoked potential data for 
unanesthetized but immobilized preparations. 
Galambos et al. (1956) and Hernandez-Pedén 
et al. (1956a, 1956b) have studied responses 
evoked by auditory and visual stimuli in fully 
conscious animals. Classical neurophysiology 
has built up an imposing mass of evoked poten- 
tial data in relatively artificial preparations, 
but the relationship of brain potentials in the 
barbiturized preparation, in the encéphale 
isolé or in the curarized preparation, to occur- 
rences in the intact awake animal is largely 
unknown. 

It is the purpose of this work to correlate 
subcortically evoked potentials with behavior 
in the fully conscious preparation. The sites 
selected for initial study were in the limbic 
and extrapyramidal ‘‘systems”’ 

The rhinencephalon and particularly the 
amygdala was chosen because of its reported 


1Part of this work was financed by a grant 
from the Department of Hospitals (formerly the De- 
partment of Institutions) of the State of Louisiana. 


role in emotional behavior (Herrick 1933; Pa- 
pez 1937; MeClean 1949; Schreiner and Kling 
1953; Kaada 1954) ; the extrapyramidal ‘‘sys- 
tem’’ (and particularly the caudate nucleus 
and globus pallidus), because of its proposed 
role in motor function (see numerous papers 
by Mettler, Magoun, McCulloch and many 
others). In addition, the interrelationship of 
the rhinencephalon with the extrapyramidal 
system, apparent from comparative anatomy 
(Johnston 1923 and others) deserves con- 
sideration. 

Although the literature (Bok 1936; Lash- 
ley and Clark 1946; Bailey and Bonin 1951) 
has very nearly disposed of the idea of a 
mosaic Brodmannian cerebral cortex, the sub- 


cortex with its rather specific nuclear groups 


could have more discrete functions which are 
amenable to analysis. Such analysis might 
well be approached by investigation of the 
rapidly occurring action potentials in con- 
scious animals. 

Gloor (1955) recorded potentials evoked 
by amygdaloid stimulation from various sites 
in cats under Pentothal anesthesia. Many of 
the position in which our electrodes were 
placed corresponded to those used by Gloor 
so that it is possible to compare these results 
in unanesthetized preparations with those ob- 
tained in the anesthetized state. 


MATERIAL AND METHOD 


Under Nembutal anesthesia, small holes 
were drilled at stereotactically determined lo- 
eations in the skulls of cats. Teflon insulated 
silver electrodes of 5-6 mils wire diameter were 
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implanted at selected sites in the brains of 
these animals. The electrode tip was formed 
by cutting the fine wire with a pair of 
scissors, the cut end serving as a simply 
prepared recording and stimulating surface. 
These very flexible wires were placed in the 
desired location by means of a No. 24 hypo- 
dermic needle and stylet. The tip of the 
needle was ground down and the stylet was 
allowed to protrude. The electrode wire was 
singly looped about the stylet immediately ad- 
jacent to the tip of the needle and the entire 
assemblage was then lowered through the 
brain (the dura having been cut previously) 


STYLET 


#24 SPINAL NEEQLE———_—_ l l 


-5MM. POLYETHYLENE ) 
SPACER ~s 
SMIL SILVER WIRE 
ELECTRODE 


oo 


Fig. 1 


Diagram of spinal needle and electrode assemblage. 

A. Before insertion in brain. 

B. In position in brain with stylet withdrawn, prior 
to withdrawal of needle. 


to the desired position (fig. 1). In most eases, 
a pair of electrodes was inserted, with the 
members of the pair separated about a milli- 
meter from each other by a _ polyethylene 
spacer. When the assemblage had reached 
the desired location, first the stylet, then the 
needle was withdrawn from the brain. The 
leads were cemented into the skull by means 
of dental cement. In all our preparations, 14 


electrodes were placed in the eat’s brain (fig. 
2). The 15th, an ‘‘indifferent’’ electrode, 
was screwed into the frontal sinus. The wires 
protruding from the skull had previously been 
soldered to a coded, 15 prong, subminiature 
connector permanently attached to a harness 
which the animal wore. The wires exited 
through a stab wound at the back of the neck. 
This procedure and the subsequent external 
apparatus did not seem to bother the animals. 
Infection was minimal, controlled by pro- 
phylactic doses of antibiotics. Serial electro- 
encephalograms, serial X-ray studies, and 
serial impedance measurements ‘showed rel- 
ative constancy in the location of the elec- 
trodes and in the electrical quality of the 
preparation. 

For purposes of recording and stimulating, 
a 15 cable conducting ‘‘leash’’ was plugged 
into the Cannon socket on the harness of the 
eat. During all recording and stimulating 
procedures, the animal was placed in a Lucite 
box within an electrostatically shielded room. 
Stimulating was done by means of a Grass 
S4-C stimulator connected through a Grass 
stimulus isolation unit. The output was am- 
plified by ‘‘push-pull’’ operated, Grass P-5 
preamplifiers into a Dumont 322 dual beam 
oscilloscope and the resulting CRO trace pho- 
tographed. Monitoring of the stimulus was 
accomplished by means of a Dumont 322 dual 
beam oscilloscope with a special calibrating 
head for voltage and current. Monitoring was 
routinely done preceding and following the 
experimental period. The majority of stimuli 
were carried out at 0.1 msec., although dura- 
tions as short as 0.01 msee. were used. Stimuli 
of longer duration were avoided. At the end 
of the experimental period (from 1-4 months) 
each animal was sacrificed by formalin perfu- 
sion and the brain preserved for histological 
studies. 

Single Shock Evoked Potentials. For each 
position which was to be studied, a buildup of 
potentials was produced by evoking potentials 
at increasing current and voltage. All stim- 
ulation was bipolar. Records were made both 
bipolarly and unipolarly, the indifferent elec- 
trode in the frontal sinus being used for 
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unipolar recording. For each position im- 
pedance measurements over a range of volt- 
ages varying from 15-150 dial volts were made 
at stimulus durations of 0.1 and 0.01 msec. 
Tetanization Studies. To observe the ef- 
fects of increasing stimulus frequency, pho- 
tographs were made of known evoked potential 
systems at a frequency of 1/sec. The fre- 
quency was then increased to 10, 20, 60 or 
100 ec/see. usually for 10 see. occasionally 
longer, and then immediately returned to 
1/seec. Moving strip films were made of the 
entire sequence. Simultaneously, dictaphone 
recordings of observations of the animal’s be- 


thalamus, amygdaloid, tegmentum and cortex 
and recording from another of these points. 
These potentials had latencies consistent with 
known rates of conduction of mammalian 
nerve. As an example of these results, the 
system, globus pallidus to cortex will be used. 
Figure 3 shows a buildup of evoked potentials 
recorded from the left cerebral cortex in the 
post-cruciate region after stimulation of the 
left giobus pallidus. Column A illustrates a 
potential buildup at a stimulus duration of 
0.01 msec. ; column B indicates a similar build- 
up at a duration of 0.1 msec.; and column C 
illustrates potentials at a duration of 1.0 msec. 


Fig. 2 


Lateral X-ray of cat with electrodes in place (vertical wires). 
Note ‘‘indifferent’’ screw in frontal sinus. 


havior were made. The posttetanie period 
ranged in different experiments from 2 min. 
to an hour. Electroencephalographie records 
were made within 15 min. after the exper- 
imental stimulation. 


RESULTS 


Single Shock Evoked Potentials. Kach of 
the implanted sites was used both for evoking 
and recording potentials. At various times 
repeatable potentials were obtained by stim- 
ulating one of a number of points stereotac- 
tically indicated as caudate, globus pallidus, 


Note that the 1.0 msee. stimulus produced a 
shock artifact which interfered with the ear- 
lier components of the potential. This might 
be compared with the results obtained by 
Gloor (op. cit.) who in his study of amyg- 
daloid connections in the anesthetized cat, 
utilized a 5.0 msee. stimulus duration. The 


1 Serial sections of all the brains have not yet 
been made. In three brains sectioned histologically, 
and in several cut grossly, electrode placements seem 
to be accurate. Te writers intend to report anatom- 
ical projections and latencies as indicated by the 
responses evoked by single shock stimuli when the 
histological study has been completed. 
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voltages and currents indicated are those ob- 
tained by monitoring the stimulus. Of impor- 
tance here is the fact that the quality of the 
responses obtained with stimulus durations of 
0.01 msec. and 0.1 msee. is similar, and that 
although stimulus durations of 1.0 msec. pro- 
duce an interfering artifact, a positive po- 
tential, indicated by downward deflection, 
similar in latency, polarity and duration to 
that obtained at 0.01 and 0.1 msec. is evoked. 

With single shock stimuli, the cat, although 
able to move freely, showed no gross indication 
that the stimulus had either reached a per- 
ceptive level or was producing any involun- 
tary behavioral change. This lack of behav- 
ioral response to single shock stimulation was 
generally observed in our preparations with 
the exception that with intense stimulation, 
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The earlier components (up to 20 msec.) of 
the evoked potential response were relatively 
consistent from day to day and from eat to 
eat. The negative response following the 
large 5-6 msec. latency positivity is the least 
consistent early component and, at times, is 
markedly diminished. In a test in which the 
animal was stimulated every 10 sec. for 4 
hours, in positions indicated in figures 3 and 
4, little variation was observed in these earlier 
components. 

Figure 5 illustrates a potential buildup 
evoked by stimulation of the caudate nucleus 
with records taken from the globus pallidus. 
(No potential could be evoked in the reverse 
situation. ) 

Electrical Responses to Tetanization. 
Using procedures outlined above, the effects 
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Fig. 3 


Recording from left cerebral cortex (post-cruciate region). 


Stimulation 


of left globus pallidus at indicated parameters. 


A. 0.01 msee. stimulus duration. 
B. 0.1 msec. s eé 
C. 1.0 msee. se ‘6 


and particularly in stimulation of the cerebral 
cortex, isolated movement (e.g. of vibrissae, 
eyelid) synchronized with the stimulus was 
sometimes seen. The latency of the earliest po- 
tential in this system was 1-2 msec. with the 
large positive response following in 5-6 msec. 
The distance between stimulating and record- 
ing electrodes was approximately 15 mm. in- 
dicating a conduction rate of 7.5-15 m. per sec. 
Figure 4 shows the potentials evoked by 
stimulation of the same region in the same 
eat, but with the polarity of the stimulus re- 
versed. 


of higher frequency stimulation were tested 
in a number of animals. Records made during 
the tetanic period revealed the following 
phenomena: 

(1) The appearance of a new response. In 
column B of figure 6, note that with increasing 
duration of the tetanic phase, a long latency, 
35-40 msec., positive response appears which 
is continued into the post-tetanic period. Co- 
lumn A of this figure shows the response in 
the same cat at a different time. Here no 
potential change occurred coinciding with a 
failure of the animal to show a behavioral 
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response as discussed below. A similar response 
ean be noted in figure 9, column B, where 
a negative deflection of 45 msec. peak latency 
appears during the tetanic phase, while toward 
the end of this period a high voltage, shorter 
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Fig. 4 


Recording from left cerebral cortex (post cruciate 
region). Stimulation of left globus pallidus at in- 
dicated parameters. Stimulating polarity is reversed 
as compared with figure 3. 

A. 0.1 msec. stimulus duration 

B. 0.01 msec. ‘** ie 


latency positive response occurs which persists 
into the posttetanic period (record from mid- 
line thalamic nuclei). 


(2) Diminution or augmentation of an 
existing response. In figure 7 the first 
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Recording from left caudate. 
globus pallidus. 

A. 0.1 msee. stimulus duration 
B. 0.01 msee. ‘* " 


Stimulation of left 
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Recording from left globus pallidus. Stimulation of 
left basolateral amygdaloid at 11 V., 1.1 mA., 0.1 msec. 
and at indicated frequencies. 

A. No behavioral change. 

B. Change in behavior appeared approximately 10 sec. 
after beginning of tetanization and continued 
after return to 1/see. 

Note: In all figures showing tetanic and posttetanic 

potentials read from bottom to top. 
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Fig. 7 
Recording from left hypothalamus. Stimulation of 
left globus pallidus at 60 V., 5.8 mA., 0.1 msec., 
followed by tetanization for 10 see. at 10/see. 
Note: ‘‘ Negativity’’ which augments and then dim- 
inishes (see text) follows arrow. 
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negative response in the evoked potential (in- 
dicated by an arrow) is gradually diminished 
during the 10/sec. tetanic phase and reap- 
pears in the posttetanic phase. The small 
positive response just preceding this negative 
potential also almost disappears during the 
tetanic phase. Augmentation of a positive 
response can be noted in figure 8, column A. 

(3) Shift in latency of one component 
(usually a late one). Note in figure 6, column 
B that the long latency positive response men- 
tioned above shows a decrease in latency dur- 
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response mentioned above which almost disap- 
pears during the tetanic phase is potentiated 
almost 100 per cent in the posttetanic period. 


Posttetanic potentiation was usually pre- 
ceded by a short period of depression. In 
figure 10 can be seen a combination of these 
effects in a preparation in which electrical 
action potential changes have persisted for 
more than 20 min. Here in the posttetanie 
period, there seems to be an initial depression 
followed by a potentiation, followed in a num- 
ber of minutes by an abrupt depression which 
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Recording midline thalamic nuclei. 


Stimulation of left basolateral amyg- 


daloid at 0.1 msec. stimulus duration. 


A. Pre-tetanization. 


B. After tetanization for 10 see. at 5/see. 


C. Pre-tetanization at lower voltage. 


D. After tetanization for 10 see. at 10/see. 


ing the tetanic phase which continues into the 
posttetanic period, decreasing finally to about 
25 msec. Latency shifts in the direction of 
longer latency were also noted. In agreement 
with the finding of Gloor (op. cit.) there seems 
to be no relationship between the direction of 
the latency shift and the presence of depres- 
sion or augmentation during the tetanic 
period. 

Electrical Responses During the Posttetanic 
Period. (1) Potentiation or suppression of a 
pre-existing response. In figure 7, the positive 


eradually disappears, producing again the 
original potential or one which rebounds 
beyond the amplitude of the original poten- 
tial. This course of events in the posttetanic 
period is frequently, though not universally 
observed, and generally corresponds with the 
data presented by Evarts et al. (1956). 


(2) Augmentation of a response initiated 
during the tetanic period. This phenomena 


has been noted above in figure 6, column B, | 
where the new response appearing during | 
tetanization is continued into the posttetanic | 
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ulation of the caudate nucleus. During the 
period of tetanization of the caudate electrical 
changes recorded from the amygdala could not 
be observed because of the slow CRO sweep 
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a high amplitude, long duration positive re- 
sponse occurs which flattens by 33 see. At 7 
min. posttetanization the evoked response has 
not yet returned to pretetanic amplitude. The 
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Recording from left globus pallidus. 


Stimulation of the left basolateral 


amygdaloid at 25 V., 2.5 mA., 0.1 msec. at 1/sec.. then tetanization at 
e ’ b>] b 


10/see., then return to 1/see. 
12 sec. after tetanization. ) 


speed. However, in the posttetanic period, fol- 
lowing a 3 sec. depression a new 15 msec. 
latency positive response appears which: con- 
tinues to 17 see. posttetanization at which time 


as indicated. 


(First posttetanie potential is 


concomitant behavioral changes are described 
in detail below. 

Figure 11 shows a similar course of events 
in which the second depression is followed by 
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I. Recording left caudate. Stimulation of left amygdala at 25 V., 2.2 mA., 


0.1 msee. 
A. Before tetanization. 


B. After tetanization for 10 see. at 100/see. 


(1) 1” (2) 12” (3) 30” 
II. Reeording left caudate. 

2.7 mA., 0.1 msee. 

A. Before tetanization. 


Stimulation of left tegmentum at 30 V., 


B. After tetanization of the amygdaloid for 10 see. at 100/see. 


a 
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a long lasting potentiation of the original 
response. 

(4) Shift in latency of one component of 
the potential. The example cited above in 
figure 6 shows latency shifts which continue 
during the posttetanic phase, although they 
clearly begin during the period of tetanization. 
Occasionally, the latency shift seems to begin 
only during the posttetanic period. 

(5) Posttetanic appearance of a response 
following ineffective pretetanic stimulation. 
In figure 17 the system right amygdala to left 
amygdala shows no evoked potential to single 
shock stimuli. During the tetanic phase a 
negative potential is recruited. Posttetanically 
the previously ineffective 1/sec. stimuli con- 
tinues to evoke this response for 10 see. 

Site of Electrical Changes. In figure 13, 
part I, following tetanization of the amyg- 
daloid nucleus, posttetanization changes were 
recorded from the caudate including the ap- 
pearance (recruitment) of a new transient 
complex at a latency of approximately 15 
msec. A record was then made (part II) of 
the single shock responses of the system, teg- 
mentum to caudate, following tetanization of 
the amygdala. As seen in this figure, the 
caudate response to tegmental stimulation at 
1/see. is potentiated by the previous amyg- 
daloid tetanization, although recruitment of a 
new response does not occur. In other such 
experiments, potentiation did not occur at the 
recording position. Figure 14, part I, is a 
record from the amygdaloid nucleus evoked 
by single shock caudate stimulation before 
and after amygdaloid tetanization. This shows 
a qualitative change in the amygdaloid activ- 
ity as compared with the pretetanie record 
suggesting that some change in the tetanized 
site itself has occurred to account for the 
recruiting phenomena following tetanization. 
Part II of this figure shows a similar exper- 
iment, stimulating tegmentum and recording 
caudate before and after caudate tetanization 
in which no qualitative posttetanic changes are 
recorded, although quantitative posttetanic 
changes are seen (depression). 

In a number of instances, quantitative 
(potentiation or depression) changes have 
been observed in an evoked response following 
tetanization of a third site. At times, no such 
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changes could be measured, but in no instance 
did such tetanization evoke qualitative chan- 
ges (recruitment). On the other hand, in 
tetanization of the recording site, we have, at 
times, seen both the appearance of new poten- 
tials and potentiation of existing responses. 
Behavioral Responses. Many behavioral 
phenomena were seen during tetanization, al- 
though at the usual parameters of stimulation 
single shocks produced no perceptible re- 
sponses. In addition, there were responses 
initiated during the period of tetanization 
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I. Recording left amygdaloid. Stimulation of left 
eaudate at 55 V., 5.0 mA., 0.1 msec. 
A. Before tetapization. 
B. After tetanization of the amygdala at 100/see. 
for 10 see. (1) 1” — 15” — 30” (2) 2’ (3) 25’. 
II. Recording left caudate. Stimulation of left teg- 
mentum at 45 V., 4.1 mA., 0.1 msee. 
A. Before tetanization. 
B. After tetanization of the caudate at 100/see. 
for 10 see. (1) 1” (2) 30” (3) 5’. 


which persisted into the posttetanie period, 
apparently independent of the single shocks 
given during this time. At times, elements of 
such responses persisted when no 1/see. shocks 
followed tetanization. 

In all cases there was coincidence of evoked 
potential changes with behavioral activity. 
When no potential alteration with tetaniza- 
tion was noted, there was no change in the 
eat’s behavior even though previous tetaniza- 
tion of the same site may have altered both. 
In addition, when a potential change occurred, 
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either during tetanization or posttetanization, 
there was often, though not invariably, a 
coincident change in the cat’s activity. When 
a different kind of potential alteration was 
recorded from the same leads at a different 
time or with changed parameters, a different 
kind of behavioral activity was seen. Note, 
for example, figure 6, column B in which 
changes in the eat’s behavior occurred coin- 
eidentally with the appearance of the long 
latency positive response. Column A indicates 
a situation in the same eat in which tetanic 
stimulation evoked no behavioral or evoked 
potential changes. 


Behavior During Tetanic Stimulation. Most 
tetanization was done for 10 sec. The responses 
elicited can be separated into two groups: 
(table II is a precis of behavioral protocols 
illustrating some of the following points dur- 
ing stimulation of the globus pallidus, amyg- 
daloid and caudate nucleus. ) 


(1) ‘‘General’’ responses observed with 
tetanization of most sites used, were as fol- 
lows: at the initiation of the stimulus, there 
was usually ‘‘alerting’’ of the animal who 
would cease other activity and look about, 
frequently toward the side of stimulation. Fol- 
lowing this, there might or might not be some 
visible motor change, such as tremor of the 
vibrissae and facial musculature and/or 
‘‘foreed’’ circling movements, depending on 
the site of stimulation. Pupillary dilatation 
was frequently noted as a general response. 
After the cessation of tetanization, there was 
usually salivation, then chewing and tasting 
movements, licking and an abrupt change in 
the cat’s ‘‘alertness’’ as he returned to pre- 
tetanic activity. This period of licking and 
swallowing appeared at or close to the onset 
of the initial posttetanic action potential 
change.' The preceding phenomena could well 
be considered typical of any ‘‘focal seizure’’. 

(2) In contrast to these, ‘‘general’’ re- 
sponses, other phenomena were elicited which 
were dependent on the parameters of stimula- 
tion and on the location of the stimulating 
electrode. Two features here were of particular 
interest to us. In the same cat using the same 


cé 


1 Visual observation of these events precluded 
exact timing of behavioral and CRO responses. 


chronically implanted, immovable electrode, 
one could, at various times or with varying 
parameters of stimulation, evoke from the 
amygdaloid nucleus, for example, a wide range 
of responses including all those reported in 
the literature as being evoked from different 
specific regions of the amygdaloid; e.g., head 
turning, unilateral facial muscle contraction 
(eversion of the lip), licking, sniffing, saliva- 
tion, swallowing and pupillary dilatation. All 
of these responses were also elicited from the 
globus pallidus and the caudate. Other be- 
havioral changes noted were: (1) contraver- 
sive head turning, (caudate, globus pallidus, 
amygdaloid) which could almost be ‘‘titrated’’ 
against the frequency and current of the stim- 
ulus and which, with increased frequency or 
current, could be extended to complete contra- 
versive circling of the animal. This turning 
movement was cogwheel at low frequencies, 
smoother at higher frequencies (cf. Mihailovic 
and Delgado 1956) ; (2) tremor of the vibris- 
sae and/or facial, trunk, or limb musculature 
from all sites stimulated ; (3) yawning (partic- 
ularly from the amygdaloid) ; (4) flexion or 
extension of limbs; (5) ‘‘gagging’’; (6) vocal- 
ization; (7) ‘‘freezing’’. This ‘‘freezing’’ re- 
sponse was quite interesting. With, or shortly 
after, the initiation of tetanization, the animal 
stopped all motor activity in the existing 
position, i.e., if the cat were washing his paw, 
he froze with the paw extended, the head and 
neck outthrust. With return of the stimulating 
frequency to 1/see., the animal usually re- 
sumed his normal activity almost as if nothing 
had occurred. A potential record demonstrat- 
ing no alteration during this period is seen 
in column A of figure 9. This should be 
contrasted with column B in which stimula- 
tion at different parameters produced contra- 
versive turning of the head and body during 
the tetanic period together with the previously 
described potential alteration, and also pro- 
duced posttetanic potentiation of both be- 
havior and evoked potentials. 

These responses which appear during the 
tetanic period are frequently carried over 
and, if so, often augmented during the post- 
tetanic period. 

Posttetanic Behavioral Changes. The post- 
tetanic behavioral changes show two features. 
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The most usual is persistence of the response 
initiated during the tetanic phase, often with 
a brief initial depression, and usually with an 
increase in the intensity of the response; i.e., 
of the evoked tremor, licking or whatever. An 
exception to this is the ‘‘freezing’’ response 
which rarely persisted into the posttetanic 
period. A variation of this ‘‘augmentation’”’ 
(at all stimulating sites) was the occurrence of 
an intense reaction to single shocks in the 
posttetanic phase, whether or not these had 
been perceptible pretetanically. Usually, this 
was evidenced by the cat jerking markedly 
with each 1/sec. stimulus. This phenomenon, 
too, was coincident with changes in the evoked 
potential and disappeared on return of the 
potential to baseline. The second phenomenon 
was the appearance of entirely new behavior 
during the posttetanic period; i.e., behavior 
which was not evoked during tetanization. 
For example, figure 10 shows an experiment 
in which stimulation of the caudate nucleus 
at 1/see. evoked no behavioral response. 
During the tetanization period (10 sec. train 
at 100 eyeles) (ef. Annex, protocol IV) 
the cat sat perfectly still, occasionally look- 
ing from side to side. In the posttetanic 
period, however, following a short period of 
suppression of activity, the animal developed 
an increasingly intense twitch of the left eye, 
chewing and salivation, coincident with the 
appearance of a high voltage positive response. 
After half a minute, this positive response 
suddenly ceased, the electrical record was re- 
duced almost to a flat line and the animal’s 
behavior became correspondingly suppressed. 
This result was observed many times with 
slightly varying time constants. 

Although we have emphasized the coinci- 
dence of behavioral phenomena and action po- 
tential changes, it should be noted that the 
electrical posttetanization phenomena recorded 
from one site may differ markedly from those 
simultaneously recorded from a different site. 
For example, potentiation of behavior and of 
action potentials, as seen in figure 9, may ap- 
pear in one system; e.g., globus pallidus to 
midline thalamus, simultaneously with more 
mild potentiation phenomena or none at all 
in another system; e.g., globus pallidus to 
basolateral amygdaloid. 


Similarly, we have emphasized the identity 
of responses from different sites (globus pal- 
lidus, caudate, amygdala, and tegmentum 
being most frequently stimulated). Some sta- 
tistical differences in response, however, were 
noted. For example; yawning, licking, swal- 
lowing, retching, and ipsilateral lip eversion 
were more frequently elicited from the amyg- 
dala (ef. Baldwin et al. 1954). Forced head 
turning (in contrast to ‘‘searching’’) was 
usually ipsiversive on tegmental stimulation, 
always contraversive when elicited from the 
other stimulated sites. In addition, in spite 
of the similarity of isolated fragments of 
behavior, patterns of response differed in 
ways visible in the laboratory but difficult 
to describe. These patterns were discrete 
enough to allow the observer to identify, 
blindly, the stimulated site about 50 per cent 
of the time. For example, tegmental stim- 
ulation leading to ipsiversive head turning 
and then to circling was often accompanied by 
‘‘purposeful’’ running similar to that seen in 
an animal chasing its tail. If given enough 
room, the cat might run away, jump out of 
the box or off of the table. With basal ganglia 
stimulation, the head turning was similar but 
was continued into contraversive movements 
of the whole body, seemingly against the an- 
imal’s resistance, so that he would stumble 
or actually slide around on his belly. Though 
the animal would sometimes cringe, it would 
not run away. In two animals the contra- 
versive turning during caudate tetanization 
was characterized by ‘‘tail chasing’’ circling, 
similar to that seen during tegmental stimula- 
tion. Other patterns were even more specifie. 
A typical response from the amygdala was 
an extension of the neck with the head back, 
mouth open in a ‘‘yawning’’ motion, rhythmie 
protrusion of the tongue, sometimes salivation 
and oceasionally vocalization. With inereased 
stimulus duration, the animal might turn a 
backward somersault. This pattern was never 
elicited from other sites. From the caudate 
(and sometime the globus pallidus) one could 
initiate a complex torsion of the trunk, with 
the head turning, the neck and spinal mus- 
culature contracting so that again the animal 
might turn a backward somersault. 
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Responses Under Nembutal. Under Nem- 
butal anesthesia (fig. 15) electrical responses 
similar to those obtained in the awake cat are 
evoked by stimulation and recording from 
comparable points. The behavioral responses 
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Responses under Nembutal (ecmpare with fig. 10). 
Recording from left amygdaloid. Stimulation of left 
tegmentum at 40 V., 4.2 mA., 0.1 msec. Tetanization 
is at 100 ¢/see. 


are, of course, obscured to a considerable 
extent. Similar electrical responses in eats 
under Pentothal anesthesia were seen by Gloor 
(op. cit.) Working with the nembutalized pre- 
paration, it was found that tetanic stimulation 
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Fig. 16 
Recording from left globus pallidus. Stimulation of 
left tegmentum at indicated parameters. 


A. 0.01 msec. stimulus duration. 
B. 0.1 msec. stimulus duration. 


of the caudate nucleus following a previous 
ineffective 1/sec. stimulation produced a gen- 
eral alerting and awakening of the animal 
with posttetanic behavioral and action po- 
tential changes similar to those seen in the 
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Fig. 17 


Recording from left baso- 
lateral amygdaloid. Stimula- 
tion of right basolateral 
amygdaloid at 60 V., 0.1 
msec. followed by tetaniza- 
tion at 10/see. 
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awake animal. (Similar observations were 
made in stimulation of the amygdaloid nu- 
cleus.) In one ease, an animal which had been 
anesthetized a number of hours previously 
and appeared to be in a ‘‘ preawakening’’ con- 
dition was alerted during a 10 sec., 100 cycle 
stimulation and began to show the ‘‘typical’’ 
posttetaniec action potential and _ behavioral 
changes. Here, however, instead of the gra- 
dual return to baseline, following an abrupt 
depression, the posttetanic action potential 
fluctuated considerably. That is, there was 
not the gradual increase in amplitude of po- 
tential with some postdepression rebound 
usually seen in the awake animal, but rather 
fluctuation from very depressed to very high 
amplitude potentials from second to second. 
The behavioral observations of the animal 
could not be accurately timed with relation 
to the 1/sec. stimulation but appeared to in- 
dicate that the animal was going in and out 
of the ‘‘nembutalized’’ state just as the action 
potential response seemed to vary between that 
seen in the pretetanic period and that seen in 
many cases in the posttetanic period in the 
awake animal. In addition to anesthetics, these 
potential changes are modified by a wide 
variety of other drugs as has already been 
shown for cortical potentials by Purpura (op. 
eit.), Marazzi and Hart (1955). Chlorpro- 
mazine in particular produces marked changes 
in both behavior and action potentials (Ervin 
and Buchwald 1956). 


DISCUSSION 


Single Shock Evoked Potentials. The high 
degree of consistency in the form and latencies 
of evoked action potentials recorded from 
various subcortical structures in the awake 
reacting cat is comparable with results found 
by workers using anesthetized or immobilized 
preparations. These relatively simple elec- 
trical indicators of neural activity are ame- 
nable to analysis in the awake animal as they 
are in more artificial preparations, and can 
yield data the usual electroencephalographic 
techniques must overlook. 

Using the single shock technique, responses 
evoked by stimulation of a number of points, 
ean be recorded from many widely separated 
structures. Wave form, latency, and other 
qualities of these responses are apparently 


unique and dependent on the recording site, 
as well as on the parameters of stimulation. 


Single shock evoked potential technique 
can provide some idea of functional interrela- 
tionships between regions and of functional 
organization within a single region. There 
certainly is conduction within the brain of 
awake reacting animals at speeds comparable 
to those already known for mammalian central 
nervous system (Grundfest and Campbell 
1942). Frequently, responses can be identified 
within one or two msec. of a stimulus by using 
very short duration stimuli. These short la- 
tency components must of necessity be over- 
looked if long duration stimulating pulses are 
used. All our stimulations were done at dura- 
tions between 0.01 and 0.1 msee. At longer 
durations, interfering artifacts or the actual 
length of the stimulus itself obscured short 
latency components. It is not, therefore, sur- 
prising that some of the latencies reported in 
this paper and those reported by Gloor (op. 
eit.) are in disagreement; his not seeing 
shorter latencies being accountable on the 
basis of the use of 5 msec. duration shocks. 


With regard to stimulating parameters, 
we were led to the conclusion that absolute 
monitored values of current and voltage were 
less significant indicators of a ‘‘ physiological’’ 
stimulus than were stability of behavior, con- 
sistency of electroencephalographie and action 
potential records, and lack of histological 
damage. If, however, one includes stimulus 
duration as a parameter, then calculated total 
power inputs (E x I x t) required for evoked 
responses of equivalent amplitude at different 
stimulus durations, are equivalent. For ex- 
ample, using the maximum evoked responses 
in figure 2 (the positive components of which 
have approximately the same amplitude) the 
following calculations were made: (a) 10 psec. 
stimulus duration, 98 V., 8 mA.; total pow- 
er = 7.84 watt psee.; (b) 100 usec. stimulus 
duration, 27 V., 2.2 mA., total power = 5.94 
watt psee.; (c) (somewhat lower amplitude 
response) stimulus duration, 1000 psec., 12 V., 
0.5 mA., total power = 6.0 watt psec. Sim- 
ilarly, for the system tegmentum to globus 
pallidus (fig. 16): (a) 10 psec. stimulus dura- 
tion, 90 V. 12.5 mA., total power = 11.0 watt 


490 N. A. BUCHWALD and F. R. ERVIN 


usee.; (b) 100 psec. stimulus duration, 34 V., 
3.2 mA., total power = 11.0 watt psec. 


Tetanization. Our original interest was 
to find a relatively simple, analyzable, neural 
correlate of animal behavior. The finding that 
alterations in tetanic and posttetanie action 
potentials coincide with behavioral alterations 
seems promising. The study of these pheno- 
mena can be extended by the use of drugs, by 
physiological stimuli, and by observation of 
changes normally occurring with time. The 
technique might also be applied to the study 
of pathological conditions such as seizures. 

By using stimuli which were just above 
the threshold for the characteristic evoked 
potentials and by increasing the frequency 
from the usual 1/see. rate to 10-20 or 100/see. 
for a period of 10 sec., marked changes in 
the nature of the evoked potential and in 
the behavior of the animal were produced. 
(One must be very careful in this kind of 
stimulation, to allow sufficient time be- 
tween trains of stimuli for the baseline evoked 
activity to return to the pre-tetanic condi- 
tion. If trains of stimuli are delivered to the 
animal at too rapid a rate, the system seems 
to fatigue both behaviorally and electrically 
and consistent results cannot be obtained. ) 
Particularly striking was the parallelism be- 
tween the observed changes in the electrical 
record and the changes in the cat’s behavior 
(see Results). Such coincidences of action po- 
tential variation and behavioral changes were 
quite consistent. Variations in response from 
time to time in the same animal without chan- 
ges in stimulating parameters and variations 
which oceur with changes in stimulating para- 
meters may account for apparent conflict in 
reports which attempt to delimit a generalized 
behavioral or electrical pattern to a discrete 
locus. For example, from a chronically im- 
planted electrode in a single position in the 
basolateral amygdaloid, we have, at different 
times or by varying parameters of stimulation, 
evoked the whole gamut of behavioral re- 
sponses reported by workers such as Kaada 
(1954) to be functions of specific subdivisions 
of the amygdaloid. All of the general types of 
electrical response to tetanization described 
by Gloor (op. cit.) were elicited from stim- 
ulation of the globus pallidus and caudate 


nucleus as well as from the amygdala. While 
distinct differences in detail were noted which 
may be significant clues to patterns of func- 
tional organization, we would like to em- 
phasize the similarity of electrical and _ be- 
havioral responses evoked from different sites. 
(See Results for details. ) 


Our data are insufficient to provide full 
explanation of the behavioral and electrical 
results but a descriptive summary of these 
results may give some clues to the under- 
lying neural mechanisms. Gloor (op. cit.) has 
advanced a number of hypotheses to explain 
similar electrical phenomena. 

The responses to tetanic and posttetanic 
stimulation show contrasting features. Ade- 
quate tetanic stimuli produce motor and auto- 
nomic changes and changes in relatively long 
latency electrical deflections during the te- 
tanic phase which are directly dependent on 
the stimulus. That is, these phenomena vary 
directly with stimulating parameters, bear 
little or no resemblance to pretetanic activity 
and usually cease at the end of tetanization. 
This type of activity can be termed ‘‘non-self- 
propagating’’. Contrasting ‘‘self-propagat- 
ing’’ activity is seen in two situations. First, 
if train duration, and/or current and/or fre- 
quency are increased sufficiently the tetanic 
behavioral patterns become exaggerated (e.g., 
the yawning in amygdaloid stimulation which 
can be continued into a backward somersault ) 
then may progress into a frank ‘‘fit’’. At some 
point in this process, the activity becomes 
‘*self-propagating’’, that is, it will continue 
with the current off. Second, in the post- 
tetanic period (either with one per second 
shocks or with the stimulus off) following a 
short period of depression, ‘‘self-propagat- 
ing’’ electrical and behavioral phenomena 
which increase in amplitude sometimes occur. 
This activity is exhibited for a variable period 
of time and may cease abruptly to be followed 
by a gradual return to baseline. In addition 
to ‘‘self-propagating’’ activity in the post- 
tetanic period, true potentiation of single 
shock responses usually occurs. These re- 
sponses are often superimposed on the stim- 
ulus independent activity, although it must be 
noted that posttetanic ‘‘self-propagated’’ ac- 
tivity seems to be enhanced by 1/sece. or half 
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per sec. shocks. The ‘‘potentiated’’ responses 
behaviorally are augmentations of pretetanic 
single shock phenomena similar to pretetanic 
responses with intense stimuli. We believe 
these are manifested electrically by potentia- 
tion of existing evoked potential components 
while the ‘‘self-propagated’’ behavior may 
be evidenced by the appearance of new, often 
high amplitude, long duration components. 

In the pretetanic period if single shock 
stimuli adequate to evoke potentials do not 
produce behavioral changes, a sufficient num- 
ber of effector cells have not been fired. If 
with increased intensity of stimulation in the 
pretetanic period, or if in the posttetanic 
period potentiation of behavior does occur, 
it is conversely true that sufficient neurons 
have been fired. Behavior thus produced 
is not patterned but exists as isolated frag- 
ments; e.g., twitch of vibrissae, jerk of the 
head. This may well be due to simple spatial 
or temporal summation of impulses. During 
tetanization the evoked behavior, no longer 
fragmentary, is definitely patterned and in- 
deed if the pretetanic single shocks had 
evoked bits of behavior, these are not seen 
during the tetanic patterned action. This sug- 
gests that two processes may be at work. In 
the first place with increase in frequency, 
there is hyperexcitation of neurons at the 
stimulated site and an increased excitation of 
a ‘‘sub-liminal fringe’’ the excited neurons of 
which fire sequentially to produce patterned 
behavior. That is, more than simple summa- 
tion is taking place. During this process the 
hyperexcited neurons in the immediately 
stimulated area act as pacemakers (cf. Green 
and Adey op. eit.) for the process, allowing 
the response to be varied with change in 
parameters of tetanic stimulation. At the same 
time inhibition of pretetanic fragments of be- 
havior suggests that there is either summation 
of these fragments obscuring the individual 
bits or that there is an actual neural inhibition 
during the tetanic period which inhibits the 
simpler responses. 

When with continued tetanization there 
is an exaggeration of the evoked behavior 
which becomes ‘‘self-propagating’’ and is no 
longer dependent on the stimulus, the im- 
mediately stimulated hyperexcitable area no 


longer acts as a pacemaker but intermediate 
areas take over, as if the energy of tetaniza- 
tion were not fully dissipated with each 
stimulus but were stored up by partial depo- 
larization of neurons in the subliminal fringe 
or intermediate areas. As adequate depolariza- 
tion occurs, the cells fire in ever increasing 
numbers and the amplitude of behavior in- 
creases sequentially. The firing of these newly 
depolarized neurons potentiates the previous 
patterns of tetanic behavior and in addition 
begings to open more and more pathways 
leading eventually to generalized convulsion 
or other intense, disorganized behavior. 

At the end of tetanization if no self-pro- 
pagating activity has been set up, there re- 
mains a pool of hyperexcited cells with no 
pacemaker. Commonly a period of depression 
follows the tetanically evoked patterns. This 
seems to support the view that an inhibitory 
process exists which outlasts the tetanic 
stimuli. On the other hand, posttetanic re- 
sponses sometimes seem to occur without ap- 
preciable delay. Although patterned behavior 
during the tetanic period due to fusion of 
single shock fragments might explain this, 
argument for a non-outlasting inhibition is 
compelling. 

During the posttetanic period, then, there 
remains a hyperexcitable pool consisting of 
the immediately stimulated site, sub-liminal 
fringe, intermediate neurons, and perhaps 
elements of final, effectors. The activity of 
this pool is reflected first in posttetanic po- 
tentiation of behavior and of potential com- 
ponents. This is a relatively simple potentia- 
tion as evidenced by similarity of pre-and 
posttetanic behavior and potentials. In addi- 
tion to this posttetanic potentiation, syn- 
chronous ‘‘self-propagating’’ activity some- 
times appears concomitant with a high am- 
plitude ‘‘new’’ potential. No inhibition of 
behavioral or electrical responses to single 
shocks occur with this ‘‘new’’ activity in the 
posttetanic period, in contrast to the situa- 
tion in the tetanic period (v.s.). With the 
pacemaker gone, a ‘‘self-propagating’’ excit- 
atory activity must have been set up in the 
hyperexcited neurons. This activity often has 
a eritical cutoff. Both behaviorally and elec- 
trically it may stop abruptly. Following this 
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there is a period of general depression in 
which single shock responses are absent or 
minimized. 


The evidence we have militates against the 
hypothesis that nuclear structures such as 
the amygdala, the globus pallidus or the 
caudate nucleus play uniquely specifie roles in 
brain activity. The behavioral and electrical 
responses to stimulation lose ‘‘specificity’’ in 
animals which are observed for sufficiently 
long times without varying parameters of 
stimulation and in which a number of sites 
are stimulated with varying parameters. 
These responses seem to us to be more in- 
dicative of the fact that widely separated, re- 
latively discrete subcortical or, at least, telen- 
cephalic regions may function qualitatively 
in similar ways. The response of the animal 
to any stimulus is dependent not only on the 
specific neural site of stimulation but, more 
importantly, on the stimulating parameters 
and on the instantaneous organization of the 
brain as determined by its metabolic state, its 
recent history and the background sensory 
input. 

The question is logically raised whether 
the observed similarities in behavior patterns 
and/or in electrical phenomena following 
stimulation of different sites reported here are 
due to spread of current. 

No categorical denial of this possibility ean 
be made. We feel, however, there are several 
arguments which indicate that this is not the 
case : 

(1) The behavioral response which we 
have recorded at high voltages (20-100) and 
short stimulus durations (0.1-0.01 msec.) were 
repeated at much lower (3-15) voltages at 1.0 
msec. stimulus duration. Thus we feel that 
our parameters of stimulation are, at least, 
comparable to those used in reports arguing 
more specificity of response (ef. Gloor 1955; 
Kaada 1954). 

(2) Variability of responses can be seen 
at different times with no change in para- 
meters of stimulation. 

(3) Initiation of new responses can be 
obtained by increasing length of tetanization 


which should not increase current spread (see 
fig. 6). 


(4) Increase in frequency and/or intensity 
of tetanization may intensify tetanically evok- 
ed behavior without recruiting new kinds of 
behavior unless one increases beyond a critical 
threshold (e.g. cogwheel turning of head at 
low frequencies; smoother rotation at high 
frequencies progressing even to. eireling. 
Beyond a threshold, fits may occur). 

(5) Acute experiments in nembutalized 
cats using similar parameters of stimulation 
show sensitivity in amplitude and indeed show 
disappearance of responses with small changes 
in position of the stimulating electrodes. 

Anesthetized Preparations. The work on 
anesthetized preparations has ‘shown that 
single shock action potentials are little chang- 
ed by anesthesia (Nembutal and Pentothal) 
and that many of the electrical ‘‘tetanization’’ 
phenomena can be observed in the anesthetized 
eat. Concomitant behavioral phenomena in 
the anesthetized state are, of course, fre- 
quently not visible, although certain patterns 
ean be noticed, including head turning and 
salivation. Of particular interest is the fact 
that tetanization of the caudate and of the 
amygdaloid produces an awakening in the 
nembutalized preparation but not quite as 
effectively and as quickly as stimulation of 
the reticular formation of the tegmentum. 
During this aroused ‘‘awake’’ state, the animal 
frequently shows behavioral phenomena iden- 
tical with those observed in the ‘‘normally”’ 
awake preparation. 

Galambos et al. (op. cit.) have brought 
up the possibility that some of the electrical 
changes might be due to reflection of mus- 
eular activity. (The less than 20 msec. la- 
tency action potential changes can probably 
be excluded from this question.) The fact that 
similar tetanic phenomena can be observed in 
Pentothal and Nembutal anesthetized (Gloor 
op. cit. and this paper) and especially in 
ecurarized preparations (Galambos) is an ar- 
eument against simple reflection of muscular 
electrical activity. The possibility remain that 
there changes might involve feed-back from 
pre-museular neuronal pools or from sub- 
cortical nuclear sites. 

As in the ease of single shock evoked po- 
tentials, electrical responses to tetanization 
in the awake eat exhibit the same type of 
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phenomena seen in more artificial prepara- 
tions. This is important for two reasons. First, 
it presents the experimenter with a_back- 
ground of data consisting of the work of many 
investigators over a number of years; second- 
ly, it establishes the usefulness of the awake, 
whole animals as a ‘‘classical’’ physiological 
preparation. 

The use of non-physiological stimuli at 
arbitrary brain sites limits interpretation of 
results. The brain may never be stimulated 
normally with time, voltage, current, and 
locus variables similar to those used in this 
investigation. Recording sites must be chosen 
arbitrarily (although an attempt is made, of 
course, to use sites indicated physiologically or 
anatomically to be related), and concomitance 
of changes in behavioral activity with altera- 
tion in the evoked action potentials may not 
indicate any logical relationship between ac- 
tivity at the recording site and the activity of 
the animal. Nevertheless, the coincidence of 
behavioral alteration and action potential al- 
teration is striking. Galambos, and Hernan- 
dez-Peén (op. cit.) have been able to record 
alterations in electrical activity of awake 
animal brain from a number of non-specific 
loci in response to peripheral sensory stimula- 
tion. It is evident that there are well defined 
neural structures which do not have unique 
and specific peripheral inflow but that ex- 
ternal, as well as internal, stimulation may 
result in electrical activity changes over a 
wide region of the subcortex. The use of 
physiologic sensory stimulation for investiga- 
tions similar to the one reported here is un- 
derway in our laboratory. 


SUMMARY 


1. Repeatable single shock potentials can 
be evoked from a number of subcortical points 
in freely moving, awake animals. These re- 
sponses present characteristic latencies, forms 
and polarities. 

2. Tetanization of the evoking sites at fre- 
quencies of 10 to 100 ¢/see. leads to a number 
of tetanic changes both in behavior and in 
electrical activity. 

3. This tetanization leads also to posttetanic 
behavioral and electrical changes, usually pre- 
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ceded in the posttetanie period by a short 
period of depression. 

4. Both the electrical and behavioral re- 
sponses to tetanic stimulation vary with 
changes in stimulating parameters and with 
time. 

5. The nature of electrical and behavioral 
responses elicited from caudate, amygdaloid 
and globus pallidus is similar, although dif- 
ferences in detail exist. 

6. Under Nembutal, electrical responses 
similar to those in the awake state occur. 
Behavioral responses are more difficult to 
detect but are occasionally seen. The electrical 
responses in the awake cat reported by us 
agree qualitatively with those seen by Gloor 
in the animal under Pentothal anesthesia. 


7. Tetanic stimulation of the caudate nu- 
cleus and the amygdaloid nucleus resulted 
in arousal of the lightly anesthetized or sleepy 
animal. The awakening phenomenon seems 
similar to that produced by stimulation of the 
reticular activating system. 

8. Possible mechanisms to explain these 
phenomena are postulated. 


ANNEX 
Abstracts of Protocols of Behavioral Observations 


Protoeol I 


CAT #114 
March 19, 1956 


Stimulation of the left globus pallidus; recording 
thalamus and from the left basolateral 
amygdaloid. (No _ reference figure.) Stimulating 
parameters: 60 V., 5.6 mA., 0.1 msec. stimulus dura- 
tion. 

Prior to stimulation the eat is searching the 
cage in a slow deliberate fashion. 

1/sec. stimuli: The eat is in a sitting position 
and shows no changes with the single shocks. He 
begins washing his face with his left forepaw. 

Tetanization at 10/sec. for 10 sec.: The cat 
abruptly stops washing and is in a fixed position with 
his left forepaw extended. There is no movement 
throughout the period of tetanization. 

1/sec. stimuli: The eat resumes looking around, 
and seratching his back. No potential changes were 


from the 


noted. 

Repetition of the above experiment (see fig. 9-A 
for coincident electrical changes). Prior to stimula- 
tion, the eat continues to wash his left forepaw and 
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face, then his right hindpaw and finishes his bath 
with stretching. 

10/sec. stimuli: At the onset, he stops the stretch- 
ing and stares in a fixed position with his head 
turned to the left. 

1/sec. stimuli: The eat finishes his stretch and 
begins walking around the cage in a normal fashion, 
sniffing and licking. (Note that at these parameters 
the active cat stops his activity at approximately 
the phase in which it is at the onset of tetanization.) 


The same site will be stimulated at 0.1 msec, 
27.5 V., and 2.5 mA. (See fig. 9-B for coincident elec- 
trical changes.) 

Before the stimulus, the eat is in a crouched 
position with his eyes closed as if sleeping. He is 
very relaxed but moves his head from side to side 
occasionally. 

1/sec. stimuli: No changes are noted. 

10/sec. tetanization: The head is immediately 
pulled back and there is a violent, rapid facial twitch 
bilaterally, somewhat more marked on the right side. 
His head begins to turn in a cogwheel motion to the 
right. ’ 
1/sec. stimuli: There is a definite bilateral 
twitch of the face with each stimulus. There is 
yawning, chewing, and salivation. The muscular twitch 
becomes more marked on the left side; he moves back 
and forth and extends his right forepaw. The cat 
jumps up on all four legs with a stiff forward jerking 
motion. 

With the stimulus off, he moves around the cage, 
still salivating, and turns slightly toward the right. 
The respiratory rate seems to be increased. 

(Note that stimulation of identical electrodes at 
different parameters produced two quite different 
types of behavioral activity.) 


Protocol II 


CAT #119 
May 9, 1956 


Stimulation of the caudate nucleus; recording 
from the amygdaloid. (No reference figure.) Stim- 
ulating parameters: 25 V., 2.4 mA., 0.1 msec. stimulus 
duration. 

The cat is now asleep under Nembutal anesthesia. 

1/sec. stimuli: There is no movement. The cat 
remains asleep. 

Tetanization at 10/sec.: The eat raises his head 
off the floor and jerks it up and down as it begins 
to turn to the right. 

Return to 1/sec. stimuli: The cat puts nis head 
down and sticks his tongue out. No other movement 


is seen. 


Repeat at 100/sec.: The cat is still lying on his 
left side and appears to be in deep anesthesia. 

1/sec. stimulation: Little behavioral change is 
seen. 

100 c/sec.: The cat immediately pulls his head 
up to the right, and jerks it back and forth. He 
stretches fully and exhibits an occasional twitching 
of the right side of the face. 

Return to 1/sec.: The cat immediately lowers his 
head, then begins jerking his head up and down turn- 
ing to the right. There is a deep yawning motion. 
He is now resting, occasionally making an attempt to 
raise his head. 


Stimulation of the left mesencephalic tegmentum 
at the same parameters. 

The cat is waking slightly and showing some fine 
barbiturate tremor. 

1/sec. stimuli: The eat shows no response. 

10/sec. stimuli: There is some twitching around 
the left eye and the vibrissae. There is no change in 
the intensity of the barbiturate tremor. 

1/sec. stimuli: There is no posttetanie potentia- 
tion. 


Repeat at 100 cycles: The eat is still anesthetized. 

1/sec. stimuli: No response is noted. 

100/sec. stimuli: The cat abruptly turns his head 
to the left. The body is arched, the forepaws extended 
with claws out, the animal is gnawing at the cage, 
and the pupils are widely dilated. 

1/sec. stimuli: This activity ceases abruptly with 
the termination of the stimulus although a slight right 
facial twitch is noted throughout the posttetanie phase. 

At the point at which the oscilloscopie potential 
returned to normal from its extreme depression, the 
cat visibly relaxes, licks and becomes more alert. The 
pupils gradually constricted. During the entire post- 
tetanic period, the barbiturate tremor was absent. 


The cat is reanesthetized and sleeping peacefully. 
Stimulation of the caudate nucleus at the same para- 
meters; recording from the amygdala. 

1/sec. stimuli: No response is seen. 

10/sec. stimuli: There is head turning to the right. 

1/sec. stimuli: At cessation of the stimulus there 
continues to be a slight jerking of the head at 1/second 
for a few seconds. 

100 c/sec.: At the onset, the cat extends his neck 
and shows slight head turning to the right followed 
by alerting. He raises his head, his eyes are opened 
and the pupils are widely dilated. This posture is 
maintained, though not rigidly, throughout the teta- 
nization. Following this, there is a gradual extension 
of the neck to the right and backward and general 
body flexion to the right, which maneuver pushes the 
eat around the cage in an awkward position. 
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1/sec. stimuli: He continues to maintain this 
posture throughout the post-stimulus period, although 
after a few seconds he licks and appears more alert 
and normal. 

Note that tetanization of the caudate in the 
nembutalized cat produced ‘‘alerting’’ and some 
awakening and generalized motor activity, although 
not as effectively as stimulation of the tegmentum 
seemed to do. 


Protocol III 


CAT #114 
March 19, 1956 


Stimulation of the left basolateral amygdala; 
recording from the left globus pallidus (ef. fig. 6-A 
for concomitant electrical data). Stimulating para- 
meters: 11 V., 1.1 mA., 0.1 msec. stimulus duration. 

Prior to stimulation the cat is lying in a curled 
position in the corner of the cage. His head is upright 
and he is looking forward. He appears to be very 
relaxed. He sits up on his forelegs, looks to the 
right. 

1/sec. stimuli: There are no visible changes. 


Tetanization at 10/sec. for 10 sec.: There are 
no behavioral changes. 

1/sec. stimuli: There is no change in the cat’s 
behavior. He is still in the same position staring 
forward. 


This will be a repetition of the same experiment, 
using the same parameters, (see fig. 6-B). Before 
stimulation, the cat is in a resting position lying on 
his folded forepaws looking forward and very much 
relaxed. 

1/sec. stimuli: There is no behavioral change in 
the cat. 

Tetanization at 10/sec. for 15 sec.: The eat 
seems to become a little more alert, has lurched for- 
ward, stopped, and is now in a fixed position staring 
forward. There is an occasional twitch of the vibris- 
sae bilaterally, somewhat more marked on the right 
side. He has started a searching movement toward 
the right and stopped. 

Return to 1/sec. stimuli: There is a twitch of 
the vibrissae with each 1/sec. stimulus. The eat is 
salivating, has turned his head slightly back to the 
left and is now licking. 

Repetition of the same experiment at 20 ¢/see.; 
other parameters the same. (No reference figure.) 
At rest, the cat is moving around and washing his 
face with his left forepaw. 

1/sec. stimuli: At the onset of the stimulus, the 
eat ceases the face washing, turns to face the front 
of the cage, then resumes washing. 


Tetanization at 20/sec.: For 10 see., the eat 
stops all activity, becomes very fixed, his right fore- 
paw extended straight into the air. There are very 
slight muscular twitches around the vibrissae. The cat 
stays ‘‘frozen’’ with his paw fixed for 3 to 4 see. 
then turns his head in a cogwheel fashion to the right 
and holds it there for the duration of the tetanization. 


Return to 1/sec. stimuli: The ‘‘freezing’’ conti- 
nues for 30-40 see. 

On cessation of the stimulus he returns to washing 
his face. The persistence of the ‘‘freezing’’ im this 
stimulation during the posttetanie period is unusual. 


Protocol 1V 


CAT # 119 
May 8, 1956 


Stimulation of the left caudate; recording from 
the left amygdala, (ef. fig. 10). Stimulating para- 
meters: 35 V., 3.7 mA., 0.1 msee. stimulus duration. 


Prior to stimulation the cat was washing his 
paws and face. | 


1/sec. stimuli: No behavioral change is noted. 


100/sec. tetanization for 10 sec.: The eat sits 
perfectly still, occasionally looking from side to side. 


1/sec. stimuli: At the end of the 10 sec. teta- 
nization there is no immediate change in the cat’s 
behavior. After several seconds he begins to develop 
twitching of the left facial muscles, blinking of the 
left eye, salivation, and gnawing and chewing move- 
ments. This activity increases in intensity; then 
rather abruptly ends, the eat returning to his pre- 
stimulation behavior. 

The changes in behavior roughly coincided in time 
with evoked potential changes. Particularly striking 
was the concomittance of abrupt depression of be- 
havior and action potentials. 


The authors are most grateful to Dr. E. L. 
Gasteiger, of Harvard University, for advice and coo- 
peration in the initial phases of this investigation. 
The stimulus monitor was designed and built by E. C. 
Hannan who also assembled and maintained the other 
electronic equipment. Valuable assistance in the pre- 
paration of the manuscript was rendered by Mrs. A. 
Galatas and by H. Hambrick. 
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RELATION OF BRAIN AND TREMOR RHYTHMS TO VISUAL 
REACTION TIME ? 
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INTRODUCTION 


The role of the alpha rhythm, as the prin- 
cipal component of the autonomous electrical 
activity of the brain, has never been clearly 
understood. Evidence from neurophysiolog- 
ical and psychological sources which suggest 
that it might serve an excitability function 
has been presented by Lindsley (1952). The 
concept of a waxing and waning excitability 
associated with the alternations of the elec- 
trical potentials composing the alpha rhythm, 
originated with Bartley and Bishop (1933) 
and Bishop (1933). Upon electrical stimula- 
tion of the optic nerve in the rabbit, these in- 
vestigators observed that evoked potentials 
eould be elicited in the optic cortex only in 
certain phases of the alpha wave and that the 
magnitude of the responses varied with the 
phase of the alpha cycle. 

Further neurophysiological support for the 
excitability concept has been presented with 
respect to the afferent mechanism by Bartley 
(1934, 1940), Bishop (1936), Bishop and 
O’Leary (1940), Marshall (1949), Chang 
(1951, 1952), and Bishop and Clare (1952). 
Evidence of excitability associated with the 
alpha rhythm of the motor cortex may be 
inferred from studies by Bates (1951) and 
Kibbler and Richter (1950), which showed 
motor responses occurring predominantly in 
a particular phase of the alpha cycle. In addi- 
tion, Adrian (1936), Adrian and Moruzzi 
(1939) and Calma and Arduini (1954), de- 
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California at Los Angeles. Acknowledgement is made 
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from the Division of Neurological Diseases and Blind- 
ness of the National Institute of Health, U. 8. Public 
Health Service. 

2 Now at the University of Texas M.D. Anderson 
Hospital and Tumor Institute, Texas Medical Center. 


monstrated that pyramidal tract discharge 
frequently occurs in phase with the motor 
alpha rhythm. 


The mechanism underlying visual reaction 
time was believed to provide the necessary 
conditions for further study of the excitability 
hypothesis. Simple, visual reaction time (la- 
tency from onset of light to motor response) 
is of the order of 175 msec. (range, 125 to 
250 msec.). Approximately 50 msec. of the 
total reaction time is utilized in transmission 
of impulses to and from the cortex; the re- 
mainder involves an indeterminate central 
transmission time, the duration and variability 
of which suggested the possibility that short 
and long reaction times might depend upon 
the state of excitability encountered. Assum- 
ing that an excitability cycle is associated with 
the oscillations of the alpha rhythm, at least 
50 msec. of the 100 msec. duration of the alpha 
wave may be presumed to constitute a period 
of relative inexcitability. Accordingly, im- 
pulses arriving during this period would be 
delayed by a varying amount. Stimuli occur- 
ring at random with respect to a given phase 
of the alpha cycte would therefore be reacted 
to with varying latencies and thus result in a 
wide range of reaction times, such as has been 
characteristically observed. 

In the present study by recording occipital 
and motor alpha rhythms, together with the 
incidence of light upon the eye and the finger 
response to it, four points in time could be 
identified during the reaction time process. 
These include stimulus onset, phase of the oe- 
eipital alpha wave at the time of arrival of 
visual impulses at cortex, phase of motor 
alpha rhythm at time of motor discharge, and 
time of occurrence of response. The duration 
from the first to the last of these constitutes 
the reaction time. Variations in these reaction 
times were studied in relation to the phase of 
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the occipital and motor alpha rhythm in which 
the stimulus and response fell. 

Walsh (1952) and O’Hare (1954) study- 
ing reaction time in relation to phase of the 
occipital alpha cycle in which the stimulus 
occurred, found no consistent relationship. In 
contrast, the present study using different 
methods of recording and analysis, reveals a 
definite relationship. 


PROCEDURE 


From more than 100 adult subjects, 8 were 
selected who had dominant alpha rhythms 
while observing a dim, red, fixation light. 
From 100 to 200 reaction times were measured 
for each subject while recording the EEG 
from visual and motor areas, and the tremor 
of the executant finger. The EEGs were mo- 
nitored and recorded continuously with an 
8-channel Grass Model III-D Electroenceph- 
alograph, but for the more precise determina- 
tion of reaction time and other temporal fea- 
tures, a Westinghouse Oscillograph (Duddell 
Bifilar type) was cut in for high speed re- 
cording of each stimulus response sequence. 
Needle electrodes were inserted in the scalp 
over the occipital and motor regions so as to 
permit both bipolar and monopolar recordings, 
the latter made with reference to an ear 
electrode. 

The record of the tremor and response 
of the right index finger was accomplished 
with a device similar to that used by Jasper 
and Andrews (1938). It consisted of a 6-volt, 
direct current, light beam passing through a 
V-shaped notch and focused upon a barrier- 
type photocell. A pivoted lever, supported at 
one end by the subject’s extended finger, cast 
a shadow upon the photocell and varied its 
voltage output with each finger movement. 
The resulting record showed an oscillating 
tremor rhythm of varying frequency and am- 
plitude. Superimposed upon this tracing was 
a sharp spike which occurred as a result of a 
photocell near the subject’s eye being activat- 
ed by the stimulus light. Reaction time was 
measured from this point, which signaled 
stimulus onset, to the sharp descent of the tre- 
mor line, signaling finger response. The phase 
of the occipital and motor alpha waves at the 
time of the stimulus onset, and motor response, 
respectively, could then be determined (see 
figure 1). 


The stimulus light was produced by a 
Grass Photostimulator, transilluminating an 
opal glass through a 6 mm. opening. This spot 
of light was viewed binocularly from a dis- 
tance of 120 em., thus providing a stimulus 
area of .28 degrees and therefore confined to 
the foveal region. The peak intensity of the 
flash was 150,000 lumens; the duration of the 


Fig. 1 

Brain and tremor rhythms recorded by Westinghouse 
Oscillograph during response (R) to a visual stimulus 
(S). Lines 1 and 2 from top are occipital EEGs from 
scalp to ear, and scalp to sealp, respectively. Line 
3 shows the motor alpha rhythm. Line 4 shows the 
tremor rhythm and the response produced by depres- 
sing the finger. The interval between onset of light 
at S and the finger response at R is the reaction 
time. In the middle record the stimulus falls in an 
excitable phase of the occipital alpha wave and results 
in a short reaction time; in the top and bottom records 
the stimulus falls in relatively inexcitable periods 
with longer reaction times resulting. Time equals 
250 ¢/see. 


flash, 10 psec. The stimulus opening was 
continuously illuminated by a dim red light 
to provide a fixation point for the subject 
while waiting for the presentation of the stim- 
ulus flash. Each individual was dark adapted 
10 min. at the beginning of the experimental 
Session and was exposed, thereafter, only to 
the fixation light and the brief stimulus 
flashes. 

The subject was seated before the stimulus 
aperture with his arm resting comfortably on 
the arm of the chair and with the index finger 
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extended, in a pointing position, into the 
tremor recording device. He was instructed 
to remain attentive to the red fixation spot 
and to depress the finger as quickly as possible 
after the white flash appeared. Following 
each response the subject was to elevate the 
finger to its extended position and again 
fixate the red spot. 

Since variations in set and attention cri- 
tically affect reaction time measures, the ex- 
perimental schedule was designed to provide 
optimal conditions for maintaining a uniform 
state of attention throughout the experiment. 
The stimuli were presented 10 to 20 sec. apart 
in groups of 10, with a rest period between 
each group. A total of 100 to 200 reaction 
times were obtained for each subject. 


RESULTS 


The reaction time to each stimulus was 
determined for all subjects and related to the 
phase of the occipital and motor alpha rhythm 
at the time of stimulation and response, re- 
spectively. An arbitrary division of the com- 
plete alpha wave cycle was accomplished by 
dividing a sinusoidal wave into six parts as 
shown in figure 2. Here it will be seen that 
the portion of the cycle lying above an arbi- 
trary base line is divided into an ascending 
phase (1), peak phase (2), and descending 
phase (3), and the opposite portion of the 
wave is divided into a descending phase (4), 
trough phase (5) and ascending phase (6). 
Obviously these physiological rhythms do not 
give rise to perfectly sinusoidal waves, but are 
of sufficient regularity to permit the de- 
termination of phase relationships with con- 
siderable accuracy. 

According to the hypothesis that the alpha 
rhythm may represent a waxing and waning 
of excitability in the field of neurons from 
which it arises, it would be predicted that one 
or more sequential phases of the alpha wave 
would show reaction times shorter than other 
phases. Reaction times were also studied in 
relation to the frequency, amplitude and 
blocking time of the alpha rhythm. 


A. Reaction Time and Phase of Occipital 
Alpha Rhythm. 

The relationship between reaction time 
and phase of the occipital alpha rhythm was 
determined: (1) for all subjects combined, 
and (2) for subjects treated individually. 


Combined Data. The reaction times of all 
subjects were converted to standard scores, in 
order to make them comparable, and were 
combined according to the phase in which the 
stimulus fell. The mean reaction times (in 
standard scores) for each of the six phases 
were then compared to determine if there 
were significant differences between them. 
These results are given in table I. 
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Phases of the occipital alpha eycle during which stim- 
ulus incidence favors shorter (solid) or longer 
(broken) reaction -times. Subjects are grouped ac- 
cording to common points of excitability (group A — 
4 subjects; group B — 2 subjects). Note that phases 
1 and 2 are common excitable portions of the alpha 
cycle for 6 out of 8 subjects. 


When all phases are considered together 
they show no clear phase to phase differences 
or serial ordering. There are, however, 1m- 
portant differences when phases are examined 
separately. The shortest mean reaction time 
occurred in phase 1 of the occipital alpha 
eyele and the longest mean reaction time in 
phase 5. The difference between the reaction 
times of these two phases is statistically sig- 
nificant (at .01 level). 

If larger segments of the alpha cycle are 
considered, it is found that phases 1 and 2 
are associated with slightly shorter reaction 
times than phases 4 and 5. Treatment of the 
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TABLE I 


Group mean reaction times (in standard scores) for six sequential phases of the occipital alpha rhythm 


Recording Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6 
Occipital Mean 48.1 * 50.1 50.4 51.1 52.4 * 50.4 
Cortex S.D. 3.1 2.3 3.8 4.6 2.6 3.6 


* Difference significant at .01 level (Chi-square test for paired replicates, Wilcoxon 1949). 


data with respect to individual subjects reveal 
these relationships more clearly. 

Individual Data. The mean reaction time 
for each of the 6 phases in which the stimulus 
fell had been calculated for each subject in- 
dividually. In comparing larger segments of 
the alpha cycle, when individual differences 
are taken into account, the subjects may be 
grouped according to the three consecutive 
phases (180 degree portions) giving rise to the 
shortest and longest mean reaction times. 
These are given in table II. 


TABLE II 


Subject grouping according to the two 180 degree 
portions of the occipital alpha wave giving the shortest 
and the longest mean reaction times 
(in standard scores) 


Shortest Reaction Longest Reaction 
Times Times 
Group Subject 
Wave Mean Wave Mean 
Portion RT Portion RT 


nvr. £14 47.4 3-4-5 51.1 
Py LI. 6-1-2 50.7 3-4-5 55.1 
D.B. 6-1-2 49.8 3-4-5 50.8 
D.C. 6-1-2 45.5 3-4-5 48.7 
nat S24 47.4 5-6-1 52.6 
F R.G. 4-5-6 48.0 1-2-3 50.5 
“ R.B. 1-2-3 50.5 4-5-6 54.7 
FS. 1-2-3 47.5 4-5-6 54.0 


The shortest reaction times occurred in 
phase sequence 6-1-2 for group A (4 subjects) ; 
in 1-2-3 for group B (2 subjects); and in 
completely different portions for 2 subjects 
who could not be grouped. Important sim- 
ilarities are observed between the two groups. 
For both group A and group B, representing 
6 out of 8 subjects, phases 1 and 2 fell in the 
shorter reaction time portion of the alpha 
wave and phases 4 and 5 fell in the longer 
reaction time portion. A suggestion of this 


fact was noted for the combined data but the 
effect was obscured by the inclusion of two 
subjects differing markedly from all the rest. 

Considering now the reaction times in 
wave portion 1-2 as compared with those in 
4-5, for these 6 subjects, it is found that reac- 
tion times in portion 1-2 are significantly 
Shorter (.05 level) than in portion 4-5. 
These portions fall in opposite phases of the 
alpha wave, being separated by 50 msec. 
(fig. 2). 

In terms of the shortest mean reaction times, 
it may be inferred that phases 1 and 2 
represent the most excitable portion of the 
occipital alpha cycle. When, however, stim- 
ulus incidence is taken as the phase reference 
point, as it has been in treating the data 
above, the excitable phases do not represent 
the true phase of maximal excitability since 
a correction must be made for the latency 
from light flash to arrival of optic discharge 
at the occipital cortex. This has been mea- 
sured in man to be approximately 35 msec. 
(Monnier 1952). When phases 1 and 2 are 
advanced on the alpha cycle by this amount, 
a closer approximation of the true excitable 
phases is seen to be 3 and 4 (fig. 3). 


B. Reaction Time and Phase of 
Motor Alpha Rhythm. 

The phase of the motor alpha rhythm at 
the time of response was determined for all 
subjects. The results as given below, obtained 
by tabulating the number of responses falling 
in each phase, show that phases 4 and 5 are 
associated with a greater number of _ re- 
sponses than other phases. 


Motor Phase ... .. .. + 23 4 °3'' 6 
Responses ..... .. .. 12 19 10 33 40 19 


These differences analyzed by chi square 
technique are statistically significant. 

The fact that a greater number of re- 
sponses occur during phases 4 and 5 of the 
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motor alpha wave than in any other portion 
suggests that these two phases represent a 
period of maximal ‘‘excitability’’ at the motor 
eortex. Here again, the true excitability 
period must be obtained by correcting for 
conduction time in efferent pathways. This 
has been estimated to be about 15 msee. (Lloyd 
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Upper left curve shows measured phases of stimulus 
incidence on occipital alpha cycle which gave rise to 
short (solid) and long (broken) reaction times. Upper 
right curve shows shift of excitable phase when cor- 
rected for latency from eye to cortex. Lower left 
eurve shows measured phases on motor alpha cycle 
in which response most frequently (solid) occurred. 
Lower right curve shows shift of excitable phase when 
corrected for latency from motor cortex to responding 
finger. Note that in the corrected curves on the right 
the excitable phase on both motor and occipital alpha 
eycles correspond. 


1941; Ruch 1951). When this latency is ac- 
eounted for it will be noted (fig. 3) that the 
true excitability period on the motor alpha 
eycle corresponds closely with the true ez- 
citability period on the occipital alpha cycle. 


C. Reaction Time and Other Characteristics 
of the Alpha Rhythm. 

Correlation coefficients were calculated 
between reaction time and the frequency and 
amplitude of occipital and motor alpha rhythm 
at the time of stimulation. There were low 
positive correlations for a few subjects be- 
tween reaction time and alpha frequency but 
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these were of borderline significance. No re- 
lationship of significance was observed be- 
tween reaction time and the amplitude of the 
alpha rhythm at the time the stimulus oc- 
curred. 

For several subjects, low positive correla- 
tions were found between individual reaction 
times and individual alpha blocking times 
(.2 to .4). A relationship was more clearly 
apparent when each subject’s average reaction 
time was compared with his average blocking 
time. Subjects with high mean reaction times 
were found to have high mean blocking times. 
The correlation computed by the rank dif- 
ference method was .70. Stamm (1952) found 
similar correlations for reaction time and al- 
pha blocking time. 


D. Reaction Time and Finger Tremor. 


The records of finger tremor made simul- 
taneously with the electroencephalogram show 
great variability in form, frequency and 
amplitude. Typically, finger tremor (fig. 1) 
exhibits an 8 to 12 per sec. frequency, but 


, occasionally shifts to slower (4 to 8 per sec.) 


or faster (20 per sec.) rhythms. At times 
there was synchrony between tremor and 
alpha rhythm of motor cortex, but as re- 
ported by Jasper and Andrews (1938) this 
was not consistent. Amplitude and frequency 
of the tremor rhythm at the time of the re- 
sponse were not related to reaction time. 


The type of finger response most fre- 
quently observed was that of ‘‘blending’’ with 
the tremor rhythm. A downward movement 
of the finger usually appears as a continua- 
tion of the descending phase of the tremor 
eyele (fig. 1). This substantiates a similar 
finding by Travis (1929). This tendency for 
the response to occur in a particular phase of 
the tremor wave suggests that excitability 
processes are also operating at the level of the 
spinal motor neuron pool. The extent to which 
this alteration of spinal excitability is in- 
fluenced, if at all, by higher centers is not 
clear. 


DISCUSSION 


On the basis of the hypothesis that the 
recorded alpha rhythm represents a rising 
and falling of cortical excitability, the time 
required to respond to a stimulus would be 
expected to be a partial function of the 
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alpha phase at the time of stimulation (or 
more correctly, at the time of arrival of 
visual impulses at the cortex). The impulses 
arriving at a time of peak excitability would 
set the appropriate cerebral processes into 
action more promptly, thus resulting in a 
lower reaction time than when impulses ar- 
rived during a phase of least excitability. 

Corollaries of the hypothesis may be ex- 
pressed in two ways: (1) that the mean 
reaction times for the six phases should show 
a serial ordering corresponding to the phase 
sequence, or (2) that some portion of the 
alpha cycle should show shorter reaction times 
than other portions. Analysis of the results 
shows that the first corollary is certainly not 
substantiated. There are, however, in support 
of the second corollary, certain points of the 
alpha cycle which favor the occurrence of 
shorter or longer reaction times when coin- 
cident with the light stimulus. It should be 
added that if a least excitable phase of the 
alpha cycle represented a period of complete 
inexcitability, many stimuli falling in such 
a phase would not be expected to elicit a 
response at all. Since the data show that this 
is not the case, lowered reaction times in cer- 
tain phases are interpreted to indicate a 
lowered excitability rather than a completely 
refractory period. 

When reaction times were combined for all 
subjects, there were significant differences 
between phase 1 (short reaction times) and 
phase 5 (long reaction times). Furthermore, 
there were indications that phases 1 and 2 
showed shorter mean reaction times than 
phases 4 and 5. Results obtained treating sub- 
jects individually confirmed the association 
of phases 1 and 2 with short reaction times 
and 4 and 5 with long reaction times. 

The fact that the subjects showed some 
degree of individuality in the particular wave 
portion yielding shorter or longer reaction 
times is of interest. A possible explanation 
is that in this experiment it was arbitrarily 
assumed that the latency from light stimulus 
to the arrival of impulses at the cortex was 
constant from subject to subject. This is 
probably not the case, hence any individual 
differences in the latency of retinal response 
or conduction time in visual pathways would 
result in a difference in the apparent rela- 
tionship between stimulus and alpha phase. 


The findings of this study are of course 
based on subjects from whom a prominent 
alpha rhythm may be recorded during atten- 
tion with eyes open. The question of the 
operation of excitability functions in indi- 
viduals with no recordable alpha rhythm while 
responding to a stimulus cannot be decided on 
the basis of this study. It is possible that 
alpha activity may exist in the absence of a 
recordable alpha rhythm and have the same 
functional significance for reaction time. 

The results reported here are contrary to 
those obtained by Walsh (1952) and O’Hare 
(1954) both of whom failed to find any rela- 
tionship between phase of alpha rhythm at 
the time of stimulus presentation and the 
reaction time to that stimulus. There are a 
number of differences between the techniques 
employed by Walsh and O’Hare and those of 
the present study. Walsh used an amplifier 
sharply tuned to 10 ¢/seec., in a major portion 
of his experiment, thus ignoring other por- 
tions of the alpha range frequencies; he 
studied but few subjects under each condi- 
tion; and used a more diffuse fronto-occipital 
lead arrangement. O’Hare, used a very slow 
paper speed, too slow to measure stimulus 
incidence accurately relative to phase of 
waves; he also used an alerting stimulus 
which preceded the visual stimulus by 2 see. 
thus tending to produce blocking rather than 
a resting alpha state, and also through activa- 
tion reducing the reaction time and narrowing 
its range. This latter fact coupled with the 
slow paper speed would tend to reduce the 
correlation between reaction time and a given 
phase of the alpha wave. 

If temporal delay in the nervous system 
may be assumed to be a function of the ex- 
eitability of cell aggregates, it seems permis- 
sible to conclude that reaction time differences 
related to the phase of the alpha rhythm at 
the time of stimulation imply an alternation 
of the excitability associated with the rise and 
decline of these recorded cortical potentials. 
While there is no evidence for precise serial 
ordering of reaction time according to phase 
sequence, certain portions of the alpha cycle 
do show differences in reaction time and these 
may be attributed to the operation of an ex- 
citability function. 

The presence of similar excitability factors 
in the motor cortex is indicated by the finding 


som 
whic 
time 


Js RP 


VISUAL REACTION TIME AND EEG 503 


that one portion of the alpha cycle, recorded 
over the precentral region, is more frequently 
related to the occurrence of the finger response 
than others. This confirms similar reports by 
Bates (1951) and Kibbler and Richter (1950). 
Although Jasper and Penfield (1949) were 
unable to record any alpha rhythm directly 
from the exposed precentral gyrus in man, 
adjacent areas, anterior and posterior, show 
these rhythms. These may be capable of con- 
trolling excitability of the primary motor 
area. 

Studies of the phase of the tremor rhythm 
at the time of stimulation did not support 
the findings of Travis (1929) or of Tiffin 
and Westhafer (1940) that the length of re- 
action time depends partially upon the tremor 
phase at the moment the stimulus occurred. 
However, the tendency for responses to occur 
in a particular phase of the tremor cycle in- 
dicates that the condition of the spinal centers 
at the time the impulses arrive must influence 
reaction time. To what extent the rhythmic 
process conditioning the response of the an- 
terior horn cells is centrally controlled is un- 
certain. 

There is evidence that a number of stations 
along the central pathways concerned with 
reaction time may exhibit cyclic changes in 
excitability, such as relay nuclei of the 
thalamus, visual cortex (possibly both primary 
and association centers), motor cortex, and 
spinal cord. In this study the activity of 
three of these stations has been recorded, 
namely, visual cortex, motor cortex and finger 
tremor reflecting fluctuations of excitability 
in the anterior horn cells of the spinal motor 
pool. Finger response occurred frequently in 
a given phase of the tremor rhythm, thus in- 
directly implying that a cyclic spinal ex- 
eitability exists. The occurrence of response 
predominantly in a given phase of the motor 
alpha cycle again speaks for the necessity 
of a concept of excitability, waxing and 
waning with the motor alpha eycle. Finally, 
the finding of a given phase of the occipital 
alpha wave in which impulse volleys must 
arrive for the briefest reaction times, points to 
an excitability factor here also. 

If each of these stations is responsible for 
some delay, depending upon the phase in 
which the impulses arrive, the total reaction 
time would reflect a combined effect; longer 


when phase and excitability are unfavorable 
in all stations, and shorter when favorable. 
If the phase and excitability of all stations 
were properly related in time so that impulse 
reception and transmission could proceed 
without delay, the briefest possible reaction 
time would be the result. 


SUMMARY AND CONCLUSIONS 


More than 100 visual reaction times were 
measured for each of 8 normal adult subjects 
while recording the EEG of visual and motor 
cortex, and the tremor rhythm of the executant 
finger. The incidence of the brief flash of 
light, constituting a stimulus for each re- 
action, was determined relative to the phase 
of alpha and tremor rhythms, as was also the 
finger response. According to the ‘‘excitab- 
ility hypothesis’’ of the alpha rhythm, it was 
predicted that reaction times would vary ac- 
cording to the phase of the alpha rhythm at 
the time of stimulus and response. Reaction 
times were also studied in relation to the fre- 
quency, amplitude, and blocking time of the 
alpha rhythm. The findings and conclusions 
of the study are as follows: 

1. The hypothesis, that an excitability 
eycle is associated with the alpha rhythm, is 
supported by both group and individual data 
which relate mean reaction times to the point 
of incidence of the stimulus on the occipital 
alpha cycle. Significant differences were 
found between the mean reaction times asso- 
ciated with different phases of the cycle. The 
shortest and longest reaction times were found 
at points 50 msec. apart and in opposite phases 
of the alpha eyele. 

2. The hypothesis was also supported by 
data relating the time of finger response to 
the phase of the motor alpha cycle. This was 
demonstrated by a predominant number of 
responses associated with a given phase of the 
alpha cycle. It was inferred that this parti- 
cular portion of the alpha wave represents the 
period of optimal excitability at the motor 
cortex. 

3. When appropriate corrections were 
made for conduction times, so that the time of 
arrival of impulses at visual cortex and dis- 
charge of impulses from motor cortex could 
be estimated, the periods of enhanced excitab- 
ility for motor and occipital alpha cycles were 
found to coincide. Thus the same phase of 
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alpha cycle in two different regions of the 
cortex has been shown to represent an ex- 
citable period. 

4. No consistent relationships were ob- 
served between reaction time and the fre- 
queney or amplitude of the occipital and 
motor alpha rhythms. 

5. Alpha blocking time showed a low 
positive correlation with reaction time for in- 
dividual responses, but individual subject 
means for reaction time showed a definite cor- 
relation with individual subject means for 
blocking time. This suggests that the two 
measures may be dependent upon a common 
factor as yet undetermined. 


6. Differences in tremor rate and in form 
of the finger response in relation to the tre- 
mor rhythm were observed and discussed. The 
response usually oceurs on the descending 
phase of the tremor cycle and suggests the 
possibility of an excitability cycle in the spinal 
motor neuron pool. 
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De nombreux travaux ont été jusqu’ici 
econsacrés a l7EEG des tumeurs cérébrales. 
La plupart avaient pour but l’étude de la 
localisation des tumeurs et répondaient aux 
besoins toujours croissants de la neuro-chi- 
rurgie. Or, malgré les progrés de la techni- 
que proprement-dite (multiplication des chai- 
nes d’amplificateurs, du nombre des électro- 
des, de celui des dérivations et des montages), 
il reste un certain nombre de tumeurs inacces- 
sibles a la localisation électro-encéphalogra- 
phique et ceci soit par défaut (les tracés étant 
normaux), soit au contraire en raison de la 
trop grande abondanee des altérations, au mi- 
lieu desquelles l’individualisation d’un foyer 
lésionnel devient malaisée ou impossible. 

Ce travail, qui constitue un essai de com- 
préhension de l’image électrique plutéot qu’il 
ne répond a un désir d’améliorer la technique 
des localisations, est destiné 4 préciser et a 
mieux définir l’apport de l7EEG en ce do- 
maine. Notre attention s’est particuliérement 
portée sur l’étude des cas ou la présence d’ano- 
malies diffuses brouillait en quelque sorte 
image nette d’un foyer électrique. Que la 
présence d’un état confusionnel soit difficile- 
ment compatible avee une localisation électro- 
encéphalographique claire et, 4 l’inverse, que 
l’individualité du foyer EEG ne puisse étre 
respectée que si la conscience du sujet n’est 
pas (ou pas encore) obscurcie — ces notions 
nous ont paru dignes d’intérét, dans la mesure 
ou elles pouvaient mener vers une utilisation 
plus productive et, surtout, plus rationnelle 
de VEEG. 

Il est courant — et ceci dans tous les do- 
maines de la médecine — qu’on sache recon- 
naitre, voire traiter de facon adéquate, un 
symptome dont on ignore la physio-pathologie 
exacte. De méme, en EEG, on sait depuis 
longtemps interpréter correctement la pré- 
sence d’une activité delta chez un sujet sus- 


pect de porter une tumeur cérébrale. Or, si 
l’anatomie pathologique est capable d’expli- 
quer une partie de cet ensemble que constitue 
un tracé EEG (et de cet ensemble 1’anatomie 
peut rendre compte de l’anomalie morpholo- 
gvique qu’est le foyer delta) c’est a la psycho- 
pathologie qu’il faut faire appel si on veut 
rechercher d’autres corrélations, que nous re- 
fuse la science anatomique. 

C’est dans cet esprit et avee l’optique par- 
ticuliére de la recherche de relations possi- 
bles entre les différents ordres de troubles 
mentaux d’une part et le degré et la nature 
des altérations électro-encéphalographiques 
d’autre part qu’a été entrepris ce travail. 

De toute évidence, une telle étude ne pou- 
vait étre faite que sur un matériel riche en 
troubles mentaux variés et ¢’est pourquoi le 
choix des tumeurs frontales nous a paru 
s’imposer d’emblée. 


MATERIEL 


Notre matériel est constitué par 60 cas de 
tumeurs frontales et fronto-temporales, le ter- 
me «frontal» étant employé dans un sens 
restrictif par rapport aux limites anatomiques 
réelles de ce lobe, ne concernant que sa par- 
tie antérieure, a 1’exclusion de la circonvolu- 
tion rolandique. Nous avons réuni dans une 
méme étude les tumeurs a localisation frontale 
stricte et celles qui s’étendaient également aux 
circonvolutions temporales, en raison de la 
similitude de leur symptomatologie tant clini- 
que qu’EEG (les troubles aphasiques ne sont 
pas considérés comme troubles « mentaux » et 
leur présence éventuelle avee leurs incidences 
électro-encéphalographiques particuliéres sera 
envisagée en temps voulu). 

Tous nos eas ont été examinés dans le Ser- 
vice Neuro-Chirurgical du Centre Psychiatri- 
que Ste-Anne a Paris (Prof. agrégé M. Da- 
vid). Une importante partie d’entre eux a 
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été étudiée du point de vue clinique par R. 
Angelergues, H. Heeaen et J. de Ajuriaguer- 
ra (1955) ; nous y avons ajouté un contingent 
de cas personnels aprés élimination de ceux 
qui ne convenaient pas a notre étude, pour 
des raisons variées (en particulier, un délai 
trop grand entre la date de 1’examen clinique 
et la prise du tracé nous a obligé de renoncer 
& un grand nombre de cas; la majeure partie 
de notre matériel avait d’ailleurs subi plu- 
sieurs enregistrements EEG successifs, mais a 
dessein il n’a été fait état pour cette étude 
que du seul tracé proche dans le temps d’une 
observation clinique compléte et détaillée. Par 
ailleurs, les malades qui se trouvaient dans 
un état comateux ou subcomateux au moment 
de la prise du tracé ont également été élimi- 
nés de notre matériel). 


Nous avons étudié, chaque fois, la situation 
anatomique et l’extension de la tumeur, en 
nous basant le plus souvent sur le compte- 
rendu opératoire du neuro-chirurgien, parfois 
sur un protocole d’autopsie et dans quelques 
cas seulement, sur des données purement ra- 
diologiques (artériographies, encéphalogra- 
phies fractionnées) lorsque celles-ci appor- 
taient des précisions suffisantes. 


Les comptes rendus d’examen histologi- 
que nous ont renseigné sur la nature de la 
tumeur, chaque fois qu’une intervention chi- 
rurgicale ou une nécropsie avaient été prati- 
quées. 

Du point de vue clinique, nous avons étu- 
dié systématiquement les relations possibles 
entre 1’7EEG et la présence d’une hyperten- 
sion intra-cranienne importante objectivée par 
l’altération du fond d’ceil, celle de crises co- 
mitiales, celle enfin de signes neurologiques 
nets. Nous avons été amenés a établir une 
distinction entre les signes neurologiques « pé- 
riphériques » directement en rapport avec la 
compression locale, tels qu’anosmie, atrophie 
optique primitive, paralysies oculaires, et les 
signes neurologiques « centraux » de type py- 
ramidal par exemple, ces derniers nous ap- 
paraissant chargés d’une signification diffé- 
rente et leur existence traduisant toujours une 
extension assez postérieure — juxta-rolandi- 
que — de la lésion. 


Le syndrome frontal psychique est consti- 
tué par plusieurs ordres de troubles atteignant 


essentiellement la personnalité (troubles de 
l’humeur et du comportement, de 1’activité en 
particulier) et les fonctions intellectuelles tel- 
les qu’attention, mémoire et jugement. A ce 
type de désordre viennent s’ajouter des trou- 
bles de la conscience sous la forme soit de 
torpeur, obnubilation et somnolence, soit sous 
celle, trés fréquente dans 1|’atteinte des lobes 
frontaux, d’un état confusionnel caractérisé, 
constitué par la triade classique: troubles de 
l’attention, de la mémoire de fixation et déso- 
rientation temporo-spatiale. Dans certains eas, 
cette confusion peut aller jusqu "a la constitu- 
tion d’un véritable syndrome de Korsakoff. 

Pour rendre possible 1’étude systématique 
de ces différents aspects, notre matériel a été 
divisé en 4 groupements schématiques : 


Groupe A: malades sans troubles mentaux 
(18 cas). 


Groupe B: malades atteints de troubles men- 
taux du type tr. de la personna- 
lité, de l’humeur et du comporte- 
ment, mais vigiles et lucides (18 


cas). 
Groupe C: malades somnolents!, non confus 
(8 cas). 
Groupe D: malades confus, vigiles ou non 
(16 eas). 
RESULTATS 


Il ne sera pas fait état, en détail, des essais 
de corrélation anatomique et, anatomo-patho- 
logique par lesquels un travail portant sur les 
tumeurs cérébrales se devait de commencer. 
Tout comme les statistiques nombreuses déja 
existantes, nos confrontations ont fourni des 
résultats dans l’ensemble satisfaisants, mais 
d’un caractére parfois partiel: ce sont les. cas 
dans lesquels 1’explication anatomique sem- 
blait insuffisante pour la compréhension du 
tracé EEG qui ont particuliérement retenu 
notre attention. 


1 Nous n’avons qualifié de « somnolents » que les 
malades dont 1’état était facilement réversible, ¢’est- 
a-dire qu’ils se montraient accessibles aux stimula- 
tions psycho-sensorielles; faute de quoi ils ont été 
classés parmi les « comateux » et éliminés du cadre 
de cette étude. 

Par ailleurs, notre groupe C comprend uniquement 
des cas ot: la somnolence était trés marquée, suffisante 
pour constituer un véritable désordre mental a lui 
seul; les cas ot ce trouble n’était que fruste et isolé 
ont été inclus dans le groupe A. 


EEG ET SYNDROME FRONTAL 


Il va de soi que situation anatomique, ex- 
tension, nature histologique d’une tumeur cé- 
rébrale conditionnent en grande partie la 
morphologie du tracé EEG — sans quoi tout 
essai de localisation serait vain. Mais 1’anato- 
mie n’explique pas tout, et nombreux sont les 
tracés qui posent des problémes insolubles si 
on s’en tient a ce seul critére. 

L’étude isolée de la morphologie et de 1’é- 
tendue des anomalies lentes (rythme delta) 
détachée en quelque sorte de celle de 1’ensem- 
ble du tracé constitué par l’activité de base 
et sa réactivité, telle qu’il était classique de 
l’envisager, nous est apparue comme un 
moyen aussi incomplet que le serait la seule 
étude des signes proprement neurologiques 
dans un matériel ou existent par ailleurs des 
troubles mentaux caractérisés. C’est pour- 
quoi, aprés avoir confronté 1’EEG avec les 
données de l’anatomie et de_ l’histologie 
d’abord, puis avee celles de la clinique neuro- 
psychiatrique, nous avons retenu comme si- 
enificatives les corrélations entre la « figure » 
qu’est le rythme delta et les données de 1’ana- 
tomie et de la neurologie; par contre, le 
« fond », constitué par le rythme de base et 
sa réactivité, est en rapport étroit avec la 
présence et la qualité de certains troubles 
mentaux et, accessoirement, celle d’une hyper- 
tension intra cranienne importante. 

Deux ordres de modifications seront, par 
conséquent, envisagées dans ce travail: celles 
du tracé de base (essentiellement le rythme 
alpha et sa réactivité) d’une part, celles cons- 
tituées par l’apparition d’éléments nouveaux 
(rythme delta) d’autre part. Ces deux aspects 
ont été étudiés séparément mais, bien que dis- 
tincts en apparence, ils présentent des rap- 
ports étroits dont la signification sera diseu- 
tée plus bas. 


RYTHME ALPHA ET REACTIVITE 

Groupe A: malades sans troubles mentavx (18 
cas). 

Dans ce groupe, le tracé de fond s’est montré 
relativement peu altéré: le rythme alpha, toujours 
présent, était 11 fois normal, 7 fois détérioré; la 
réaction d’arrét toujours positive, était 15 fois nor- 
male et 3 fois labile. 

Groupe B: malades présentant des troubles de la 
personnalité, mais vigiles et lucides (18 cas). 

Ce groupe est identique au précédent pour ce qui 
est du rythme alpha: en effet, ce dernier est con- 
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servé 11 fois, détérioré 7 fois. Cependant 1’étude de 
la réactivité met en évidence une baisse trés nette du 
nombre des réactions d’arrét normales par rapport au 
groupe des malades sans troubles mentaux: 6 cas 
seulement ont une réaction d’arrét constante, 8 ont 
une réaction d’arrét labile, 4 cas enfin ne présentent 
aucune modification du tracé par les stimulations 
psycho-sensorielles. 

Groupe C: malades somnolents, non confus (8 
cas). 

Quatre cas gardent une activité alpha normale, 
4 ont un rythme alpha détérioré. Chez aucun, ce 
rythme ne fait totalement défaut tout au long de 
l’examen. La réactivité est 2 fois normale, 4 fois 
labile, 2 fois absente. 

Groupe D: malades confus (16 eas). 

C’est dans ce groupe que 1l’activité de fond se 
montre le plus profondément perturbée: 4 seulement 
de ces 16 cas ont conservé un rythme alpha normal, 
alors que dans 6 eas, il est détérioré; les 6 derniers 
ont entiérement perdu toute activité rappelant un 
rythme alpha, le tracé de fond étant soit trés plat, 
soit constitué par des ondes théta plus ou moins 
irréguliéres, 4 distribution généralisée. 


Les chiffres qui viennent d’étre indiqués 
permettent de formuler plusieurs remarques: 
ainsi, il apparait tout d’abord que l’actiité 
alpha n’est abolie que chez les malades at- 
teints de confusion mentale: elle persiste en 
effet dans tous les autres cas, sinon sous une 
forme normale et permanente, du moins sous 
un aspect dégradé qui permet encore de 1|’ap- 
parenter au rythme alpha physiologique (cf. 
fig. 8). 

L’identité quant a cela des deux groupes 
A et B econcrétise le fait qu’a la présence de 
troubles mentaux autres que ceux qui entra- 
vent l’état de conscience (essentiellement sous 
la forme de troubles de la vigilance et de la 
lucidité) ne correspond aucune modification 
de l’activité de base, puisqu’une détériora- 
tion relative de celle-ci s’observe aussi bien, 
et dans une proportion identique, chez les su- 
jets indemnes de tout trouble mental que par- 
mi ceux dont la seule personnalité a été at- 
teinte. 

Ce n’est qu’a partir du moment ot: appa- 
rait un état de somnolence caractérisé (groupe 
C) que la proportion entre « alpha conservé » 
et « alpha détérioré » se modifie en faveur de 
ee dernier, atteignant ici le chiffre de %: 
mais la somnolence isolée (sans état confusion- 
nel associé) est un trouble de la conscience 
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essentiellement réversible, et ceci est corroboré 
sur le plan EEG par la labilité (ou conserva- 
tion partielle) du rythme alpha. 

Enfin, avee l’apparition de la confusion 
mentale (groupe D) qui est un trouble irréver- 
sible dans l’immédiat et insensible aux sti- 
mulations psycho-sensorielles pratiquées au 
cours d’un examen EEG, on observe pour la 
premiére fois la disparition possible de toute 
activité alpha, ce qui constitue un trouble 
beaucoup plus profond de l’organisation du 
tracé qu’une simple absence temporaire et 
facilement réversible. 


La réactiwité, elle se comporte de maniére 
trés différente dans les deux premiers grou- 
pes A et B: en effet, alors qu’elle reste pra- 
tiquement normale chez les sujets sans trou- 
bles mentaux du groupe A, elle ne l’est plus 
que dans 14 des eas atteints de troubles de 
la personnalité du groupe B, ow elle devient 
précocement labile ou méme disparait entiére- 
ment (cf. fig. 8). 


Ainsi, l’abolition totale ou la‘labilité anor- 
male de la réactivité constitue un signe pré- 
coce qui devance de loin l’apparition d’un 
désordre de l’activité alpha et qui peut s’ob- 
server malgré une conservation parfaite de 
cette derniere. 


La somnolence (groupe C), avee son insta- 
bilité fonciére, se refléte sur le tracé par un 
trouble de la réactivité net dans 34 des eas: 
mais son abolition totale est ici moins fré- 
quente que sa simple labilité ou inconséquence, 
caractéristique d’un état versatile par excel- 
lence. En effet, la méme stimulation prati- 
quée a quelques instants d’intervalle, provo- 
que soit une réaction d’arrét, soit une réaction 
d’éveil, soit encore une simple modification 
de la profondeur du sommeil. 


La confusion mentale (groupe D), coincide 
avec la plus forte proportion d’abolitions glo- 
bales de la réaction d’arrét, les tracés dans 
plus de la moitié des cas se caractérisant par 
une indifférence totale a toute stimulation, 
1, seulement parmi eux réagissant normale- 
ment. 

Des modifications semblables de la réac- 
tivité (abolition ou labilité des réactions d’ar- 
rét) sont décrites par Bancaud (1956) dans 
les syndromes mentaux des lésions méso-dien- 
céphaliques. 


RYTHME DELTA 


Groupe A: malades sans troubles mentaux (18 
cas). 
Sept fois il n’existe aucun rythme delta: il 
s’agit 4 fois de tumeurs profondes et 3 fois de tu- 
meurs de la convexité, dont un gliome trés volumi- 
neux prenant naissance au niveau des aires 6 et 8, 
occupant toute l’épaisseur de 1]’hémisphére et enva- 
hissant le corps calleux (ef. fig. 1). Aucun de ces 
cas ne présente de signes d’hypertension intra-era- 
nienne nets, un seul comporte une symptomatologie 
neurologique franche. 

Huit fois (dont deux tumeurs bilatérales) existe 
un foyer delta bien lim:ité, unilatéral. L’hypertension 
intra-cranienne y est nette 7 fois, les signes neuro- 
logiques, 5 fois. 

Deux cas présentent des anomalies delta unila- 
térales trés étendues: il s’agit de tumeurs assez posté- 
rieures dans leur extension. L’un de ces deux ma- 
lades est atteint d’aphasie et présente un _ tracé 
véritablement « hémisphérique » consistant en un dé- 
sordre global de toute l’activité électrique de ]’hémis- 
phére, y compris 1’abolition unilatérale du rythme 
alpha et de la réactivité (fig. 3). 

Groupe B: malades présentant des troubles de la 
personnalité, mais vigiles et lucides (18 cas). 

Dans ce groupe, 2 tracés seulement sont dépour- 
vus de rythme delta; 6 présentent un foyer lent uni- 
latéral, limité (dont un gliome fronto-temporal trés 
étendu, envahissant le corps calleux et le cété opposé) 
(ef. fig. 2); 6 cas présentent une activité delta 
unilatérale mais étendue en arriére. 

Enfin, dans 3 eas, l’activité lente est bilatérale 
et limitée (bifrontale) et dans un seul cas un rythme 
delta bilatéral diffus apparait en bouffées disconti- 
nues. 

Groupe C: malades somnolents (8 eas). 

Le rythme delta est toujours observé chez les 
sujets obnubilés et somnolents, fut-ce de maniére 
sporadique et n’apparaissant qu’a la faveur d’une 
baisse de la vigilance. 

Trois cas présentent un foyer lent unilatéral, 3 
autres, un foyer frontal bilatéral, 1 cas présente une 
activité delta unilatérale étendue vers l’arriére et un 
seul tracé, trés labile, un rythme delta bilatéral diffus, 
alternant avee un foyer unilatéral, bien visible 4 cer- 
tains moments. 

Il s’agit dans 4 cas sur 8 de tumeurs bilatérales, 
mais sans qu’il existe de rapport évident entre ce 
fait anatomique et 1’étendue des anomalies lentes. 


Groupe D: malades confus (16 cas). 

La distribution du rythme delta est, dans ce 
groupe, 10 fois bilatérale (pour un nombre de 6 
tumeurs bilatérales), 4 fois unilatérale étendue, 2 
fois seulement unilatérale focale. En aucun eas il ne 
fait entiérement défaut. 
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Fig. 1 
Expression EEG de deux tumeurs malignes: en haut, volume trés important, absence de troubles 
mentaux, tracé peu altéré; en bas, taille restreinte, troubles mentaux, anomalies EEG impor- 
tantes et étendues. 
En haut: Ch., Gliome frontal gauche de la taille d’une mandarine, prenant naissance au niveau 
des aires 6 et 8, allant de la face externe a la face interne de 1’hémisphére et envahissant le 
corps calleux. Ex. histologique: astrocytome partiellement fibrillaire 4 évolution glioblasto- 
mateuse en certains endroits. 
Crises 4 début focal droit et équivalents dysarthriques depuis quelques mois; crises généralisées 
sans aura depuis plusieurs années. 
Ex. neurol.: hémisparésie D 4 prédominance brachio-faciale; dysarthrie sans troubles de la 
compréhension. 
F.O. normal. 
Pas de troubles mentaux. 
EEG: activité alpha conservée, mélée de rythmes rapides et d’activité théta, symétrique; 
réaction d’arrét conservée; absence d’activité delta (présence de signes irritatifs et de rythme 
théta ayant permis cependant une localisation EEG correcte). 
En bas: M., Noyau métastatique frontal droit de la taille d’une noisette, bien limité au 
niveau de F2-F3 dans leur partie postérieure. Pas d’autre métastase (C.R. d’autopsie). 
Asthénie avee dépression, insomnie, incontinence, depuis plusieurs mois; crises faciales G avec 
aphémie et céphalées d’apparition plus récente. 
Ex. neurol.: hypotonie faciale G. 
F.O.: stase bilatérale avee hémorragies et exsudats. 
Fatigabilité extréme avee bradypsychie et impossibilité de fixer ]’attention. 
EEG: rythme alpha conservé, mais détérioré 4 D. Réaction d’arrét (R.A.) absente a D, 
inconstante 4 G; activité delta polymorphe recouvrant toute la moitié antérieure de 1’hémis- 
phére D. 
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Expression EEG de deux tumeurs bilatérales: en haut, absence de troubles mentaux, foyer 
delta limité, unilatéral; en bas, état confusionnel, rythme delta bilatéral, diffus. 


En haut: P., Gliiome fronto-temporal G envahissant tout le pole frontal et la partie antérieure 
du lobe temporal, se propageant dans 1’insula, dans la téte du noyau caudé et dans le corps 
calleux du cdté opposé. Infiltration de la région infundibulaire. Ex. histologique: astrocy- 
tome kystique a petites cellules. 

Crises comitiales et équivalents aphasiques depuis 4 ans. 

Pas de troubles mentaux. 

Ex. neurologique: hyperextensibilité D. 

F.O.: stase trés importante. 

EEG: rythme alpha conservé, bonne R.A., foyer delta temporal gauche. 

En bas: R., Astrocytome frontal bilatéral: tumeur préfrontale D infiltrant toute la substance 
dlanche de ce lobe, n’épargnant que la partie supérieure du lobe orbitaire. La tumeur s’infiltre 
dans les ventricules et le corps calleux et s’étend 4 l’hémisphére G jusqu’a la corne frontale. 
Ex. histologique: Astrocytome a évolution gliomateuse. 

Coma brutal suivi de céphalées, il y a 3 jours. 

Actuellement: léger état d’obtusion; état confusionnel en régression. 

Ex. neurol.: hyperextensibilité D; raideur de la nuque, signe de Kernig; parésie bilatérale 
de la VIe paire. 

F.0O.: edéme bilatéral important avee nombreux exsudats et hémorragies. 

EEG: rythme alpha détérioré, R.A. absente, activité delta bilatérale, diffuse. 
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Dans ce groupe, il n’existe aucune tumeur bilaté- phie du rythme delta apparaissent a priori 

rale a expression EEG unilatérale mais, 4 1’in- eomme signes directement lésionnels, condi- 
2 ee >] 
verse, un plus grand nombre de tumeurs latéralisées tionnés étroitement par la situation et 1’éten- 
anatomiquement, 4 expression EEG bilatérale. 
due du processus tumoral. 

Beaucoup plus que les modifications de Mais, si on essaye d’obtenir une vue d’en- 

l’activité de fond, la présence et la topogra- semble de la distribution des anomalies lentes 
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Fig. 3 
Deux cas de tumeurs fronto-temporales entrainant des troubles des fonctions symboliques: en 
haut, troubles mentaux, tracé globalement perturbé; en bas, absence de troubles mentaux, 
anomalies EEG strictement latéralisées. 
En haut: Th., Gliome fronto-temporal G infiltrant le lobe temporal jusqu’éa la pointe ainsi 
que la scissure de Sylvius passant dans la partie orbitaire du lobe frontal. Ex. histologique: 
astrocytome typique, surtout a petites cellules. 
Céphalées et automatismes épileptiques depuis un an. 
Obnubilation importante apparue brusquement il y a quelques jours; bradypsychie marquée. 
Ex. neurol.: hémihyperextensibilité D avee parésie faciale D légére; aphasie de Wernicke; 
apraxie constructive; apraxie idéo-motrice; acalculie. 
F.O.: stase bilatérale. 
EEG: rythme alpha détérioré; R.A. absente; activité delta étendue a tout ] *>hémisphére G. 
En bas: C., Oligodendrogliome fronto-temporo-pariétal G. 
Crises comitiales depuis 12 ans; actuellement, crises latéralisées de 1’”hémicorps D avee trou- 
bles aphasiques ; 
Ex. neurol.: léger syndrome pyramidal D avee parésie faciale D légére; troubles de la com- 
préhension, amnésie verbale, paragrammatisme. 
Absence de troubles mentaux. 
F.O.: normal. 
EEG: rythme alpha et R.A. parfaitement conservés 
l’absence de rythme alpha et de réactivité, et la p 
totalité de 1’hémisphére. 


D; a G, anomalies globales comportant 


a 
résence d’une activité delta étendue a la 
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avec l’aide des données qui viennent d’étre 
exposées, on est frappé par le parallélisme 
entre 1’étendue de ces anomalies et 1|’impor- 
tance des troubles mentaux observés, les pre- 
miéres ne paraissant dépendre des conditions 
anatomiques que d’une maniére relativement 
éloignée, et, en tous cas, nullement exclusive. 


La présence ou non d’une hypertension 
intra-cranienne ainsi que celle des signes neu- 
rologiques centraux nous est apparue comme 
assez étroitement liée a 1’étendue des anoma- 
lies lentes: ainsi, les 7 cas du groupe A qui 
ne présentent aucune activité lente sont égale- 
ment dépourvus de signes d’hypertension in- 
tra-cranienne, et un seul parmi eux est at- 
teint de troubles neurologiques frances; avec 
l’apparition du rythme delta (habituellement 
sous la forme d’un foyer bien limité, pour ce 
méme groupe) on note une apparition sensi- 
blement paralléle de l’hypertension intra-cra- 
nienne, les signes neurologiques n’étant encore 
présents que 6 fois sur 11 cas (contre 1 seule 
fois sur 7 cas dans les cas sans anomalies 
lentes). 

Quant au trouble « hémisphérique » com- 
portant une activité delta diffuse a la quasi- 
totalité d’un hémisphére, sans foyer net, il 
est exceptionnel dans les tumeurs frontales et 
reste strictement réservé aux tumeurs fronto- 
temporales assez étendues pour entrainer des 
troubles massifs des fonctions symboliques, 
aphasiques en premier lieu (fig. 3). 

A la gradation de nos groupes ecliniques A, 
B, C et D étable par ordre de gravité crois- 
sante, correspond une gradation paralleéle 
dans l’extension du rythme delta, allant de 
l’absence totale de celui-ci au delta diffus, bila- 
téral (cf. fig. 9). [1 apparait done qu’un lien 
existe entre l’importance des troubles men- 
taux et 1’étendue des rythmes lents, relation 
qu’on peut formuler succinctement de ia ma- 
niére suivante: plus les troubles mentaux 
sont massifs dans le sens d’une modification 
de 1’état de conscience (troubles du maintien 
de 1’état vigile, confusion mentale), plus les 
anomalies delta tendent a s’étendre, a devenir 
bilatérales, puis entiérement généralisées, se 
substituant ainsi a toute activité physiologi- 
que. Ceci comporte comme conséquence pra- 
tique immédiate le fait que la localisation 
EEG des tumeurs frontales est la plus précise 


dans les eas cliniquement les plus univoques, 
e’est-a-dire lorsque les troubles mentaux ap- 
partiennent en propre a l’atteinte du lobe 
frontal et constituent un syndrome frontal ty- 
pique, encore dépourvu des troubles de la 
conscience qui pourront ultérieurement en 
venir obseurcir la pureté symptomatique. 


DISCUSSION 


Données anatomiques. 


La question proprement dite de la loeali- 
sation des tumeurs frontales ne pose un réel 
probleme que sous ]’angle de 1’envahissement 
possible des structures profondes et notam- 
ment du corps calleux, et de l’extension éven- 
tuelle de la tumeur au cdté opposé. En effet, 
la localisation des tumeurs cérébrales a situa- 
tion polaire est classiquement parmi les plus 
faciles et permet d’obtenir des résultats pra- 
tiques supérieurs a celle des tumeurs parasa- 
gittales ou situées centralement par rapport 
aux limites anatomiques d’un hémisphere. 


L’extension strictement unilatérale, ou au 
contraire, l’envahissement possible du cété op- 
posé pose cependant un probleme qui inteé- 
resse de prés le neuro-chirurgien, car indica- 
tion opératoire ou abstension peuvent en dé- 
couler. 

Notre matériel comporte 14 tumeurs a ex- 
tension bilatérale: 11 cas étaient atteints de 
troubles mentaux massifs (en particulier con- 
fusion mentale et somnolence) et 9 parmi ceux- 
ci présentaient des anomalies delta bilatéra- 
les; 2 eas cependant n’avaient qu’un foyer 
unilatéral, sans qu’une raison d’ordre anato- 
mique ne puisse apparemment servir d’exph- 
eation a ce fait. Quant aux 3 eas restants, 
deux parmi eux n’avaient aucun trouble psy- 
chique, le troisiéme, des troubles de l’humeur 
et du comportement isolés, sans atteinte de la 
conscience: ces trois cas présentaient des ano- 
malies delta strictement unilatérales. 

Ricci et Capdevielle (1952) avaient attiré 
l’attention sur la fréquence du rythme delta 
controlatéral dans les tumeurs frontales uni- 
latérales; si on joint a cela la_ possibilité 
inverse (limitation des anomalies 4 un seul 
coté dans le cas de tumeurs bilatérales), il ap- 
parait que nonobstant les résultats dans 1’en- 
semble excellents, il est encore des cas qui 
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posent des problémes de localisation électro- 
encéphalographique ardus. 


L’extension tumorale dans le sens antéro- 
postérieur conditionne 17EEG de maniére 
beaucoup plus immédiate: en effet, dans le 
eas ou un seul hémisphére est altéré, une ex- 
tension en arriére des anomalies indique tou- 
jours un envahissement assez postérieur de la 
tumeur, ce qui est corroboré par la présence 
de signes neurologiques nets (parétiques en 
particulier): en fait, chaque fois que des si- 
gnes neurologiques franchement déficitaires 
(plus importants qu’une hyperextensibilité 
isolée, et autres que des signes de compression 
locale) sont observés, le foyer EEG s’étend 
largement en arriére. 


Cependant, la diffusion des anomalies 
(aussi bien du rythme delta que du trouble de 
l’activité de fond et de sa réactivité) a la tota- 
lité d’un hémisphére est exceptionnelle dans 
les atteintes strictement préfrontales: elle est 
en effet réservée aux tumeurs fronto-tempo- 
rales assez étendues pour provoquer des trou- 
bles aphasiques importants (fig. 3) et recou- 
vre, de ce fait, le type de tracé décrit par 
Banecaud, Heeaen et Lairy (1955). La pré- 
sence d’une tumeur frontale ou fronto-tempo- 
rale non accompagnée d’aphasie laisse persis- 
ter le rythme alpha et sa réactivité sur 1’hé- 
misphére lésé ou: se détache nettement le foyer 
lésionnel (groupes A et B) ou au contraire 
elle affectera rythme de fond et réactivité de 
facon globale au niveau des deux hémisphé- 
res (groupes C et D). Mais il ne semble pas 
exister de rapport simple entre l’étendue ana- 
tomique de la tumeur et cet ordre de trouble 
olobal. 


Données cliniques. 


S’il nous a paru nécessaire d’établir une 
distinction parmi les divers ordres de troubles 
psychiques dont se compose le syndrome fron- 
tal, e’est en raison de leur valeur trés diffé- 
rente en tant que désordre mental, affectant 
partie ou ensemble des fonctions psychiques 
supérieures. On sait en effet que l’activité 
électrique du systéme nerveux central consti- 
tue le reflet fidéle d’une des régulations de 
l’organisme et que ses rapports avec les ni- 
veaux de vigilance et la conscience sont trés 
étroits. 
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A. Troubles de la personnalité. 


Les désordres qui atteignent électivement 
la personnalité sous la forme de modifications 
thymiques et du comportement ou de 1’activité, 
n’affectent pas 1’état de conscience propre- 
ment-dit et ont de ce fait peu de chances de 
trouver une expression EEG. En effet, de 
tels troubles ont trait, non pas a la conscience 
méme et a ses modifications — qu’elles soient 
quantitatives (sommeil) ou qualitatives (con- 
fusion), mais au contenu d’un état de cons- 
cience conservé. Or, on sait qu’un tel contenu 
(qu’il s’agisse de l’appréciation d’un niveau 
intellectuel ou de celui d’un état thymique 
ou délirant) est inaccessible a 1’exploration 
électroencéphalographique (Romano et Engel 
1944). 

Malegré cela, on peut observer méme dans 
ces désordres du « contenu psychique » des 
modifications mineures de l’EEG, sous la 
forme d’un trouble isolé de la réactivité, com- 
me nous le verrons plus bas. 

Si la présence d’une tumeur influence le 
rythme alpha quant a son abondance, sa ré- 
cularité, sa fréquence, ete...., la présence 
éventuelle de troubles de la personnalité n’y 
adjoint aucune modification supplémentaire: 
on est en effet frappé par l’identité absolue 
des deux colonnes A et B de la figure 8, qui 
concernent la conservation ou non d’une acti- 
vité alpha normale. 


C’est ici qu’apparaissent par contre les 
modifications isolées de la réactivité, trouble 
mineur non superposable a une lésion précise, 
définie du seul point de vue anatomique. Le 
fait que ce trouble soit indépendant de la 
conservation ou non du rythme alpha nous pa- 
rait lourd de signification: la réaction d’arrét 
normale 15 fois sur 18 chez les sujets psychi- 
quement normaux se réduit a un nombre de 6 
sur 18 chez les malades atteints de seuls trou- 
bles de la personnalité. De plus, la réaction 
d’arrét dans le groupe A est rarement labile, 
jamais absente, alors qu’elle est, dans le grou- 
pe B labile dans prés de la moitié des cas et 
totalement absente 4 fois sur 18 (fig. 8). Ceci 
nous a semblé pouvoir étre mis en paralléele 
avec les troubles du contact entre le sujet et 
le monde extérieur, auxquels se référent Dau- 
mezon et Lairy (1956) ; ces possibilités de con- 
tact sont en effet réduites d’une certaine 


ov 


maniére chez les sujets qui présentent des 
troubles de la personnalité, mais beaucoup 
plus discrétement que dans 1’atteinte massive 
de la conscience proprement dite (groupes C 
et D de notre matériel). 

L’abolition unilatérale de la réaction d’ar- 
rét, rare dans les lésions frontales car elle est 
le propre des eas atteints de troubles des 
fonctions symboliques, revét une signification 
nettement différente de celle d’un trouble bi- 
latéral de la réactivité, si on essaye de la 
comprendre a la lumiére des désordres psycho- 
pathologiques qu’elle accompagne: en effet, 
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le trouble hémisphérique, dimidié, déterminé 
par un désordre anatomiquement latéralisé 
(dans la pratique, destruction du ecarrefour 
temporo-pariéto-occipital), correspond a un 
défaut d’intégration par lésion de l’organe 
effecteur, c’est-a-dire, de la région corticale 
qui permet cette intégration. I] s’agit done 
la, en quelque sorte, d’un trouble purement 
« instrumental ». 

L’abolition bilatérale de la réactivité ré- 
pond, elle a un désordre beaucoup plus pro- 
fond et plus global: en effet, dans le cas 
des tumeurs frontales, l’instrument cortical 
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Fig. 4 
Absence de rythme delta dans deux cas de tumeurs frontales: en haut, absence de troubles 
mentaux, tracé normal; en bas, troubles mentaux, trouble global du tracé. 
En haut: C., Méningiome en plaque du ptérion D et des ailes du sphénoide. Oedéme important 


de la moitié antérieure de 1’hémisphére. 


Céphalées depuis 20 ans; exophtalmie et edéme de 1’ceil D depuis 6 mois. 


Ex. neurologique négatif. 
F.O.: normal. 
Pas de troubles mentaux. 


EEG: rythme alpha et R.A. parfaitement conservés, tracé normal. 
En bas: Le G., Méningiome sous-frontal G englobant le nerf optique et se poursuivant vers 


la fente sphénoidale. 


Ptosis et strabisme externe de 1’eil G depuis 18 mois; céphalées et baisse de 1’acuité 


visuelle O.G. 


Ex. neurologique: paralysie de la IIIe paire 4 G; signe de Babinski a D. 


F.O.: atrophie optique G. 


Fatigabilité, troubles de la mémoire, pleurs, gémissements, puérilisme; comportement névro- 


pathique; détérioration mentale marquée. 


EEG: rythme alpha détérioré, remplacé en grande partie par une activité théta de 5 a 7 


e/sec., diffuse; R.A. absente. 
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(le cortex associatif du carrefour temporo- elle, n’atteint la vie mentale que sous la forme 
pariéto-occipital) est conservé intact mais c’est partielle, bien qu’importante, qu’est pour 
Vimpulsion elle-méme qui parait faire dé- 1’homme la parole. 

faut. Ceci n’étonne pas, si on considére qu’une Pour ce qui est du rythme delta, c’est dans 
modification de la conscience telle qu’un état ces cas ot la conscience est intacte (groupes A 
confusionnel est un désordre beaucoup plus et B) que son étendue est le plus fidélement 
elobal de la vie psychique qu’une aphasie qui, liée 4 1’extension du processus lésionnel, com- 
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Fig. 5 


Expression électrique de deux cas de méningiomes sans troubles mentaux: en haut, absence 
de rythme delta; en bas, présence d’un foyer d’activité delta bien limité. Dans les deux cas, 
parfaite conservation du rythme alpha et de la R.A. 


En haut: P., Méningiome frontal D de la convexité (F3) de la taille d’une petite péche. 

A présenté deux crises débutant par aphémie et paresthésies de la comissure labiale G. 

Ex. neurologique: hyperextensibilité G. 

F.O.: normal, 

EEG: rythme alpha et réactivité conservés; absence de rythme delta; présence de quelques 
éléments irritatifs rolandiques G. 


En bas: M., Méningiome frontal D de la convexité comprimant toute la partie supérieure du 
lobe frontal. 

Céphalées et nausées depuis plusieurs mois. 

Ex. neurologique: léger s. de Barré G; hyposmie bilatérale. 

F.O.: stase bilatérale. 

EEG: rythme alpha et réactivité conservés; présence d’un foyer delta strictement limité, 
frontal D. 
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me si l’image focalisée ne pouvait se détacher 
nettement que sur un fond relativement bien 
econservé. Notons a ce propos que le rythme 
delta peut faire entiérement défaut malgré la 
présence d’une tumeur volumineuse (fig. 1) 
mais ceci essentiellement dans les cas qui ne 
sont atteints d’aucun trouble psychique * (fig. 


4). 


B. Troubles de la conscience. 

Bien qu’également partie constituante du 
syndrome frontal, les troubles de la conscience 
sont des désordres moins spécifiquement tri- 
butaires d’une lésion frontale, car ils peuvent 
étre observés dans les atteintes tumorales 
d’autres régions. 

Ces troubles de la conscience peuvent étre 
schématiquement distingués en troubles de la 
vigilance 7 ou variations du niveau d’activité 
des mécanismes qui controdlent 1’équilibre veil- 
le-sommeil, et troubles de la lucidité ou désor- 
dre de l’intégration du monde extérieur, pou- 
vant survenir A l’intérieur d’un niveau de 
vigilance donné stable, et non solidaires de 
ce dernier. 

La somnolence est un trouble de la vigi- 
lance par défaut; celle-ci constitue le versant 
biologique de 1’état pluri-dimensionnel qu’est 
la conscience proprement dite et dont l’autre 
versant, plus purement psychologique, est la 
lucidité. Entravée a son tour, cette derniére 
céde la place a la confusion mentale. 

Il apparait ainsi que ces deux notions 
(trouble de la vigilance et trouble de la cons- 


1En fait, l’absence de toute activité delta a été 
notée 7 fois sur 18 dans le groupe A, 2 fois sur 18 
dans le groupe B, jamais dans les groupes C et D. 

Ces cas sont dans l’ensemble également dépour- 
vus de modifications du fond de 1’e@il: des 9 cas sans 
rythme delta, 8 ont un fond d’eil normal. 7 de ces 
9 cas ressortissent au groupe A, les 2 autres, au groupe 
B. Aucun cas des groupes C et D n’entre dans ce 
cadre. 

L’influence de l’hypertension intra-cranienne pa- 
rait done étre un facteur déterminant dans 1’appa- 
rition du rythme delta (et on pourrait étendre dans 
une certaine mesure cette affirmation aux troubles 
mentaux eux-mémes, puisque des 9 cas sans rythme 
delta, 7 sont dépourvus de troubles mentaux). Mais 
cette relation n’est pas simple, ni, surtout, réciproque: 
ear, outre les 9 cas, dont il a été question, une dou- 
zaine d’autres existent dans notre matériel qui ne pré- 
sentaient pas non plus de modification du fond d’cil, 
mais bien un rythme delta plus ou moins étendu. 

2Le terme ¢ vigilance » est toujours employé au 
sens veille-sommeil, ainsi qu’il est expliqué dans le 
texte, et non au sens de Head. 


cience), parfois confondues, ne sont nullement 
synonymes. Car leur contenu ne se recouvre 
qu’imparfaitement: le maintien de la vigi- 
lance est nécessaire mais non suffisant pour 
que 1’état de conscience puisse étre normal; 
mais il persiste seul, chez le sujet confus. La 
réciproque est beaucoup moins vraie, et un 
sujet qui peut étre a la fois vigile et confus, 
ne saurait en aucun eas étre endormi, mais 
lucide. 

Done la vigilance conditionne directement 
et de facon immédiate |’intégrité de 1’état de 
conscience, alors que la lucidité n’en est en 
quelque sorte qu’un corollaire qui dépend 
étroitement de la condition précédente. 


Si l’état de veille ne peut étre troublé 
que d’une maniére quantitative, par une bais- 
se de la vigilance, ce qui aboutit au sommeil 
(réversible), puis au coma (irréversible), la 
conscience elle, peut étre troublée qualitati- 
vement par une modification perceptive (état 
hallucinatoire) ou un trouble des fonctions 
intellectuelles (troubles de l’attention, de la 
mémoire, désorientation temporelle ou spa- 
tiale) ce qui aboutit a un état confusionnel 
vigile. Au cours d’un tel état, conscience et 
appréhension du monde extérieur sont modi- 
fiées malegré la parfaite conservation de 1’état 
vigile biologique. 

Les tableaux électro-encéphalographiques 
de ces deux états (somnolence et confusion 
mentale), volontiers intriqués dans un mateé- 
riel tel que celui des tumeurs frontales, peu- 
vent étre distinets. En effet, labilité du ryth- 
me de fond et de la réactivité reflétent fidéle- 
ment celle de 1’état de conscience propre au 
sujet obnubilé ou somnolent (fig. 6): la réac- 
tivité, presque toujours conservée ou labile (ce 
qui est également une forme de la conserva- 
tion), rarement absente, consiste soit en une 
réaction d’arrét, soit en une réaction d’éveil.! 
Ce qui ecaractérise en effet 1’état de somno- 
lence est essentiellement sa labilité, se tradui- 
sant sur le plan EEG par la fréquence et la 
facilité d’alternance entre tracé de veille et 


1 Les deux cas du groupe C qui avaient totalement 
perdu leur réactivité avaient des troubles importants 
de la personnalité, et on peut se demander si cette 
abolition de la réaction d’arrét est 4 mettre en pa- 
ralléle avee la somnolence qu’ils présentaient plutét 
qu’avee leurs autres troubles mentaux, tel que cela 
avait été observé pour beaucoup de cas du groupe B. 
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tracé de sommeil, avec transformation paral- 
lele de la réaction d’arrét en réaction d’éveil. 
Quant au rythme delta, il jouit de la méme 
labilité, apparaissant a la faveur de chaque 
baisse du niveau de vigilance pour pouvoir 
disparaitre et laisser place a un tracé plat — 
ou occupé par un rythme alpha normal, si le 
sujet s’éveille. A la faveur et au gré de ces 
oscillations, le foyer lésionnel se renforce ou, 
au contraire, s’efface temporairement. 

Cette labilité du tracé, caractéristique chez 
les sujets dont 1’état vigile est instable, s’op- 
pose a la plus grande rigidité du tracé des 
sujets confus. En effet, c’est chez eux qu’on 
observe le plus souvent l’abolition entiére de 
la réactivité, l’indifférence totale du rythme 
de base (que celui-ci soit normalement con- 


servé ou non) a toute stimulation venant de 
l’extérieur. 

Le rythme de fond a lui seul, refléte déja 
la profondeur et l’irréversibilité du trouble: 
contrairement 4 celui des sujets somnolents 
mais lucides une fois réveillés, le tracé du 
confus est pratiquement toujours altéré dans 
sa totalité, le rythme alpha étant le plus sou- 
vent détérioré ou absent. Il faut ici rappeler 
que l’absence totale de rythme alpha tout au 
long d’un tracé au cours duquel de nombreu- 
ses stimulations ont été prodiguées au sujet, 
appartient en propre aux malades confus, ce 
qui témoigne d’emblée d’un trouble trés pro- 
fond de l’organisation du tracé. 


Le rythme delta y apparait habituellement 
de facon diffuse, ou en tous cas, plus volon- 
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Fig. 6 


Tracé labile, observé chez un malade somnolent. 


R., Gliome prérolandique G s’infiltrant en profondeur, en bas et en arriére dans les noyaux 
gris centraux. Existence d’un petit kyste siégeant dans la partie profonde du lobe frontal. 
Ex. histologique: gliome a cellules polymorphes, souvent géantes. 

q g poty phes, 


Céphalées depuis un mois; une crise comitiale avec monoparésie brachiale D, paralysie faciale 
D et anarthrie consécutives. Régression des troubles. Depuis quelques jours, vomissements 


et apparition d’une monoparésie crurale D. 


Ex. neurologique: hémiplégie D 4 prédominance brachio-faciale; aphasie motrice. 


f.0.: stase bilatérale importante. 


Etat mental: obnubilation et somnolence sans signes confusionnels. 


EEG: tracé extrémement labile, comportant 4 certains moments un rythme alpha, a d’autres, 
une activité de fond ralentie (théta); rythme delta diffus par moments, absent a d’autres 
moments, limité 4 la région frontale avec un maximum du cété G, de fagon inconstante. 
Réactivité conservée, mais également labile (obtention tant6t de réactions d’arrét, tantdt de 
réactions d’éveil). 

(Les deux fragments de tracé se suivent dans le temps.) 
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Expression EEG de deux tumeurs frontales présentant un état confusionnel: en haut, rythme 
delta bien limité et activité alpha conservée, mais abolition totale de la réactivité; en bas, 
rythme delta diffus, rythme de fond détérioré, réactivité abolie. 


En haut: St. A., Gliome fronto-calleux D envahissant tout le pdle frontal, la téte du noyau 
caudé, gagnant le corps calleux pour passer peut-étre du cdté G. 

Ex. histologique: oligodendrocytome. 

Etat confusionnel avec troubles de 1’attention et de la mémoire; labilité de 1’humeur (tantét 
état hypomaniaque avee euphorie, tantdt torpeur et indifférence); désorientation temporo- 
spatiale totale. 

Ex. neurologique: hyperextensibilité D; anosmie bilatérale. 

F.O.: légére hyperhémie. 

EEG: rythme alpha conservé, R.A. labile, souvent totalement absente; rythme delta bilatéral, 
limité aux deux régions frontales. 


En bas: B., Glioblastome frontal D profond envahissant la région orbitaire et le corps calleux 
ainsi que le noyau caudé, se prolongeant vers le 3e ventricule. 

Etat confusionnel avec désorientation compléte et aspect pseudo-démentiel. Syndrome de 
Korsakoff: fabulation, fausses reconnaissances; akinésie, gatisme. 

Ex. neurologique: hyperextensibilité G. 

F.O.: normal. 

EEG: rythme de fond détérioré, ralenti; R.A. absente; rythme delta diffus, 4 prédominance 
antérieure. 
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tiers sur les deux hémisphéres que sur un 
seul — méme lorsque la tumeur est stricte- 
ment unilatérale. Cette propension 4 s’étendre 
semble directement en rapport avec le désor- 
dre du rythme de fond, 1’activité delta restant 
foeale tant qu’il persiste un rythme alpha bien 
conservé, puis s’étendant progressivement 4 la 
faveur de la détérioration, puis de la dispa- 
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La hauteur de chaque ecolonne indique le 

nombre total des cas examinés, répartis en 

4 groupes: 

A = malades sans troubles mentaux; 

B = malades atteints de troubles mentaux, 
mais vigiles et lucides; 

C — malades somnolents; 

D = malades confus. 

En quadrillé, le nombre de cas présentant 

la caractéristique indiquée au-dessus de cha- 

que groupe de colonnes. 
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rition totale de tout rythme alpha qu’aucune 
stimulation ne réussit plus a faire réapparai- 
tre (fig. 7). 

Il est, ainsi, un parallélisme certain entre 
la nature essentiellement transitoire et réver- 
sible du sommeil, et les modifications EEG 
qui l’accompagnent, d’une part; entre le dé- 
sordre plus stable et irréversible a bréve 
échéance qu’est la confusion mentale, et les 
troubles électriques qui y sont liés, d’autre 
part. La confusion laisse persister 1’état vi- 
gile biologique, tout en privant |’individu du 
contact normal avee son monde environnant ; 
et cet isolement trouve son expression dans 
un trouble global de l’organisation du tracé 
EEG, consistant en une absence ou détériora- 
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Fig. 9 
La hauteur de chaque colonne indique le nombre total 
des cas examinés, répartis en 4 groupes: 
A = malades sans troubles mentaux; 
D = malades confus. 


B = malades atteints de troubles mentaux, mais vigi- 
les et lucides; 


C = malades somnolents; 


En quadrillé, le nombre de cas présentant la caracté- 
ristique indiquée au-dessus de chaque groupe de co- 
lonnes. 


tion de toute l’activité de fond, doublée de 
l’absence ou inconstance des réponses aux sol- 
licitations venues de 1’extérieur. Les anoma- 
les morphologiques elles, s’étendent largement 
au-dela des limites anatomiques de la lésion 
et conférent au tracé cet aspect globalement 
perturbé au milieu duquel s’efface 1’image 
lésionnelle focalisée qu’on recherche. 
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CONCLUSIONS 


La diversité d’expression des différents 
territoires corticaux, lorsqu’ils sont lésés, est 
un fait fondamental en pratique neurologique. 
Peu habitué a considérer 1’électro-encéphalo- 
eramme avec une optique qui tienne compte 
de ce fait, l’électroencéphalographiste est 
frappé par la variabilité du trouble électrique 
que peut engendrer une lésion donnée — 
tumorale, par exemple — selon le territoire 
qu’elle affecte. Or, il existe un parallélisme 
électro-clinique extrémement net dans cette 
diversité méme: ainsi, les tumeurs de la région 
rolandique qui ont une symptomatologie le 
plus souvent purement neurologique et focale, 
se traduisent sur 1*7EEG par un trouble trés 
restreint, essentiellement focal (anomalies 
morphologiques diserétes et étroitement cir- 
econscrites, absence de troubles du rythme al- 
pha et de la réaectivité) (Lairy 1956). Les 
atteintes du carrefour temporo-pariéto-occipi- 
tal engendrent, sur le plan clinique, des désor- 
dres beaucoup plus complexes, affectant les 
fonctions intégratives supérieures; l’7EEG 
témoigne dans ces cas du trouble global de tout 
un hémisphére, par la présence d’anomalies 
morphologiques le plus souvent unilatérales 
diffuses, s’accompagnant d’une abolition de la 
réactivité de l’hémisphére entier. Ici, 1’ano- 
malie EEG focale se double d’un trouble glo- 
bal, mais dimidié. 

Les atteintes frontales, elles, apportent 
d’emblée un désordre clinique global, touchant 
en premier lieu les fonctions psychiques supé- 
rieures. Le trouble neurologique proprement 
dit y occupe une place secondaire et non uni- 
voque. Quant a 1’EEG, on y constate la préva- 
lence fréquente des troubles globaux et diffus 
sur celle d’un foyer lésional localisé. 


Ainsi, 4 la progression vers le « global » 
des troubles cliniques observés d’abord dans 
les atteintes rolandiques 4 expression pure- 
ment motrice, puis dans les atteintes temporo- 
pariéto-occipitales dispensatrices de désordres 
plus profonds affectant l’intégrité des fone- 
tions symboliques, puis enfin dans les attein- 
tes frontales a symptomatologie essentielle- 
ment psychique, correspond une gradation 
EEG paralléle qui va du localisé vers le dif- 
fus (ou, du focal au global), qu’aucun sup- 


port anatomique ne sous-tend de fagon directe 
et immédiate. 


Dans un travail antérieur portant sur 
V’7EEG des atrophies cérébrales (Dell et al. 
1955), une distinction avait été établie entre 
les modifications EEG observées dans les cas 
qui, du point de vue clinique, ressortissaient 
a la seule séméiologie neurologique, et celles 
des cas atteints de troubles mentaux: les pre- 
miers (atteintes « neurologiques » ou _ loca- 
lisées) se traduisant essentiellement par des 
anomalies morphologiques focales, les autres 
(atteintes « psychiatriques » ou diffuses) par 
des troubles morphologiques diffus et (ou) 
des troubles de la réactivité toujours globaux, 
pouvant exister seuls. 


Si on veut user du vocabulaire Jacksonien, 
les termes de dissolution locale et de dissolu- 
tion globale semblent pouvoir se superposer 4 
ces constatations, et recouvrir aussi bien 1’as- 
pect clinique qu’électro-encéphalographique 
de chacun de ces deux groupes. 


Il nous a semblé que ce méme schéma pou- 
vait s’appliquer a toute 1’électro-encéphalo- 
ovraphie des syndromes lésionnels avec, chaque 
fois, le correctif apporté par les caractéres 
propres a chaque type de lésion. Les tumeurs 
frontales en particulier, avee leur richesse 
symptomatique tant neurologique (focale) que 
psychiatrique (globale) permettaient de véri- 
fier et d’illustrer 4 nouveau ees faits. 

Quoi qu’il en soit, il apparait aujourd’hui 
comme plus fructueux pour la compréhension 
de 1’électro-encéphalographie clinique, de faire 
franchir a cette discipline un stade purement 
deseriptif qui ne visait qu’a établir des cor- 
respondanees électro-anatomiques, pour y sub- 
stituer une approche différente destinée a 
superposer une séméiologie EEG nuancée a 
une symptomatologie essentiellement clinique. 
Quoi de plus logique alors, que la recherche 
de corrélations EEG avec la présence de crises 
Bravais-Jacksoniennes ou d’un syndrome py- 
ramidal déficitaire dans le cadre des tumeurs 
rolandiques, celles de troubles aphasiques dans 
les atteintes temporales de 1’hémisphére domi- 
nant, celles enfin des divers éléments du syn- 
dréme frontal dans un cadre anatomiquement 
défini de facon précise, tel celui des tumeurs 
de cette région ? 
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En d’autres termes, il semble plus valable 


aujourd hui — étant donné les connaissances 
déja acquises en matiére EEG — de concéder 


a chaque territoire la possibilité d’une expres- 
sion tant clinique qu’EEG qui lui soit propre, 
plutot que d’établir des statistiques étendues 
dans lesquelles « les tumeurs cérébrales » figu- 
rent comme un matériel faussement homogéne. 
L’ére de |’électro-encéphalographie empirique, 
nécessaire et productive dans le passé ot tout 
travail de « défrichage » était utile, doit céder 
la place a une approche plus spéculative, si 
la compréhension des signes recueillis et non 
plus leur simple utilisation pratique, en de- 
vient l’enjeu. 
RESUME 

Soixante tumeurs frontales et fronto-tem- 
porales ont été examinées du point de vue 
anatomique, histologique, clinique et électro- 
encéphalographique. Les données fournies par 
les sciences morphologiques ne suffisent pas 
pour expliquer dans sa totalité l’aspect de 
| ’électro-encéphalogramme. 

Le matériel clinique est divisé schémati- 
quement selon les troubles mentaux observés, 
en plusieurs groupes: absence de_ troubles 
mentaux; troubles isolés de la personnalité ; 
troubles de la conscience: somnolence, confu- 
sion mentale. 

La conservation d’une activité alpha nor- 
male est la régle chez les sujets indemnes de 
troubles mentaux ou qui ne présentent que des 
modifications de leur personnalité. Chez les 
sujets somnolents, la proportion des tracés 
qui ont conservé un rythme alpha normal, 
baisse pour devenir encore plus faible chez les 
confus. Chez ces derniers seulement, |’activité 
alpha peut étre entiérement absente. 

La réactivité parait encore plus sensible a 
l’atteinte lésionnelle: en effet, normale chez 
les sujets sans troubles mentaux, elle est forte- 
ment troublée chez les sujets dont la person- 
nalité est modifiée; enfin, son trouble est la 
régle chez les malades somnolents ou confus. 
Schématiquement, la labilité de la réaction 
d’arrét chez les sujets somnolents s’oppose a 
son abolition globale, chez les confus. 

La présence et 1’étendue des anomalies mor- 
phologiques (activité delta) est également en 


relation étroite avee l’importance des troubles 
mentaux: en effet, plus ceux-ci sont massifs, 
plus l’activité delta affecte-t-elle un territoire 
étendu. Ainsi, chez les confus, l’activité delta 
est-elle volontiers bilatérale, diffuse, méme 
dans le cas éventuel d’une tumeur unilatérale 
et peu volumineuse. 

Discussion et essai d’interprétation de ces 
faits dans une perspective psycho-patholo- 
gique. 

SUMMARY 


Sixty cases of frontal and fronto-temporal 
tumors were studied from an anatomical, his- 
tological, clinical and electroencephalographie 
point of view. The morphological findings by 
themselves are not sufficient to explain all 
aspects of the electroencephalographic dis- 
turbances. The clinical material was schema- 
tically divided into several groups on the basis 
of the observed mental status: (1) absence of 
mental disturbances, (2) personality changes 
and (3) disturbances of consciousness such as 
somnolence or mental confusion. 

The persistence of a normal alpha activity 
is the rule in patients without mental changes 
or in those showing only personality changes. 
In somnolent patients the number of records 
with preservation of normal alpha activity 
diminishes to become even smaller in patients 
with mental confusion. Only in this latter 
eroup can the alpha activity be completely 
absent. 

The reactivity of the cortical rhythms 
seems even more sensitive to the disturbances 
created by the lesion. It is found to be normal 
in patients without mental disturbances, gross- 
ly disturbed when personality changes are 
present and in somnolent or confused patients 
the reactivity as a rule is always disturbed. 
Generally the lability of the blocking reaction 
in somnolent patients is distinct from its total 
abolition in patients with confusion. 


The presence and extent of abnormal wave 
forms, ‘‘delta activity’’, is also in close rela- 
tion with the degree of mental disturbances. 
The more pronouneéed those are, the larger the 
territory from which delta activity is re- 
corded. Thus in confused patients one often 
finds bilateral or diffuse delta even in the 
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ease of a unilateral tumor of relatively small 
size. 

These findings are discussed and inter- 
preted from a _ psycho-pathological point of 
view. 
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In the course of a study on patients with 
epilepsy, or syneope of doubtful cause, hypoglycemia 
was induced by intravenous insulin in an attempt to 
elicit pathognomonic abnormalities in the _ electro- 
encephalogram. Such a procedure has been found to 
be of use in petit mal by Gibbs, Gibbs, and Lennox 
(1939), and in other types of epilepsy by Baisset 
et al. (1948). It has been generally accepted that 
hypoglycemia of great depth is accompanied by 
slow activity in electroencephalogram (Himwich et al. 
1939; Hoagland et al. 1937), and that hypoglycemia 
of lesser degree is usually accompanied by an in- 
creased EEG response to hyperventilation consisting 
of increased voltage and increased slow frequencies 
(Davis and Wallace 1942; Finesinger et al. 1942). 
The present study reports the absence, in several 
patients, of electroencephalographie or clinical changes 
despite the transient existence of extremely low blood 
sugar values. 


Material and Methods 

Twenty-four young adult patients were included 
in the study. Ten were from 18-20 years of age, 8 
were from 21-30, and 6 were over 30. There were 17 
female patients, 7 male. Ten patients suffered from 
what seemed to be repeated vaso-depressor syncopal 
spells, 8 had a presumptive elinical diagnosis of 
convulsive seizures, and the remaining 6 had episodic 
attacks which were diagnostic problems. 

Patients were not prepared by a preceding diet, 
but after a fast of approximately 24 hours were 
given intravenously unmodified insulin in the dose 
of .1 U/kg. body weight. Before the insulin injection 
and at subsequent 15 min. intervals up to 45 min. 
in most cases, 60 min. in others, the following were 
determined: (a) blood sugar (b) symptoms (c) elee- 
troencephalogram before, during, and after 3 min. 
standard hyperventilation (d) pulse rate (recorded 
on an EEG channel). The electroencephalogram was 
recorded with a Grass Model III 8 channel machine. 
Blood sugar values were determined on venous blood 


by the Folin-Wu method with Benedict modification 
(1931); normal values for the laboratory were 
70-90 mg. per cent. 

Electroencephalographie changes were classified 
into three groups: 

1. Minimal or no effect — records with little 
deviation from the fasting pattern. Alpha rhythm 
remained; slow activity was inconspicuous, chiefly in 
the 4-7 ¢/see. range, in the fronto-temporal regions. 


2. Moderate slowing appearance of prominent 
slow activity at frequencies of under 5 ¢/see. with 
voltages exceeding the original voltage. Alpha activity 
may remain. 

3. Extreme slowing — disappearance of alpha ae- 
tivity and replacement by high voltage slow fre- 
quencies (under 5 ¢/see.) in over 50 per cent of the 
reeord. Any paroxysmal pattern would also be 


classified here. 


RESULTS 
A. Clinical. 

Profound hypoglycemia was achieved in almost 
all patients. The blood sugar reached its lowest point 
usually 30 min. post-insulin and began to rise at 
45 min. 

Symptoms were uncommon before 30 min. Twelve 
patients after 30 min. denied any symptoms (for 
example, of weakness, drowsiness, dizziness, cold or 
warmth) ; of these 12, 5 had a blood sugar of 20 mg. 
per cent or below, 4 a blood sugar of 21-30 mg. per 
cent, the remaining 3, 43, 44, and 54 mg. per cent. 
Four of these 12 patients experienced some symptoms 


15 min. later. 


B. KEG Data. 

Before insulin injection, 5 records were classified 
as definitely abnormal; 2 showed diffuse slow ab- 
normality, 2 bilaterally synchronous paroxysmal slow 
abnormality, and one focal slow abnormality. No 
‘*spike and wave’’ pattern was present on any record 


before insulin. 
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The number of cases with various EEG findings TABLE II 
30 min. after injection of insulin are summarized in ee ae . : a . : 
| Findings 30 min. after insulin in patients with cast 
able I: 
unchanged KEG’s dep 
TABLE I sail 
Pir an ae Blood Sugar (mg%) Symptoms - | 
EEG cites bas 2" dur} 
normal or Moderate Extreme and 
unchanged slowing slowing #43 N s 
from before after after ‘ None (fig 
insuli insuli insulin + 
insulin insulin i : Y. 20 None 
, ‘ ‘ *26 ‘Feel like ton of lead’’ 
Before 13 (2abnormal 8 (3 abnormal 3 t 
oy as , : *31 ‘‘Warm and sleepy ’”’ 
hyperventilation before before : ‘ ; P. 
; 7- : rie *98 None ~ 
insulin ) insulin ) 
incstleckce aaeinetininativennsiinihpcimatanianteilsstsoibtiostinieaic = *98 ‘¢Tired’? L 
After 3 min. 9 (1 abnormal 10 (3 abnormal 5 Less than 15 None | 
hyperventilation before before 28 None 
; ue ; ‘ e Lu 
insulin) insulin ) 27 None 
are *54 None ini 
There was in general correspondence between ¥25 ‘<Drowsy and sweaty’? 
those patients without symptoms, and those showing #99 Nivea RI 


no EEG changes. Eight of the 13 patients with un- 
changed EEG’s after insulin also denied any symp- 
toms. The blood sugar values and recorded symptoms 


*38 ‘*Dizzy and tired’’ 


: ‘ ° ° : * EEG after 3 min. of hyperventilation remaining normal 
in these 13 patients are seen in table Ei: or unchanged from pre-insulin character. 
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Fig. 1 change 
Blood sugar values and EEG samples after 3 min. of hyperventilation in 4 patients: on pa 


(1) Before insulin injection. 
(2) 30 min. after insulin injection. causes 
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Samples of the EEG records on 4 of the above 
eases, taken before and after hyperventilation at the 
depth of hypoglycemia are seen in figure 1. 

In one patient whose symptomatology seemed that 
of simple vasodepressor syncope, hyperventilation 
during hypoglycemia elicited a paroxysmal spike- 
and-wave pattern in the EEG, but no clinical seizure 


(fig. 2). 


LC-LO 


EKG 


F.g. 2 


Female, 19 years old. 


Diagnosis: Infrequent vaso-depressor syncope. EEG 30 min. 
after insulin and after 3 min. H.V. Blood sugar less than 
15 mg per cent. 
DISCUSSION 

In the study of hypoglycemia occurring as a result 
of adenomas of the pancreas or induced in the course 
of insulin shock treatment, it has been found that 
consciousness is usually lost, or at least impaired, 
when the blood sugar falls below 30-40 mg. per cent. 
It has been reported many times that hypoglycemia 
can exist without symptoms (13,16) but only rarely 
has the hypoglycemia been of the depth reached in 
these patients (12,13). 

Correlations of the EEG, blood sugar values and 
changes in the state of consciousness have been made 
from various 


on patients rendered hypoglycemic 


causes: (a) insulin coma therapy for psychosis (Him- 


wich et al. 1939); (b) pancreatic adenomas (Hoefer 
et al. 1946) (ce) ‘‘funetional’’ hypoglycemia (Ross 
and Loeser 1951; Strauss and Wechsler 1945) and 
(d) hypoglycemia induced by insulin in normal indi- 
viduals for the purpose of EEG study (Davis 1943). 
It has been found, in general, that slowing of the 
electroencephalogram is frequent but not universal 
when the blood sugar falls below 30 mg. per cent, 
and the work of Himwich (1939), Hoagland (1937) 
and co-workers has established the fact that the 
changes in the EEG occur usually coincidentally with, 
or slightly after, changes in consciousness. 


In contrast to this variable effect on the resting 
EEG, hypoglycemia has been shown to have much 
more profound effect on the EEG activated by hyper- 
ventilation. Finesinger, Brazier and Schwab (1942) 
and Davis and Wallace (1942) demonstrated that 
delta activity could be produced in the electroenceph- 
alograms of a high percentage of individuals who 
were subjected to hyperventilation while hypoglycemic. 
The present study emphasizes the fact, which is not 
new but often forgotten, that in many individuals 
the electroencephalogram may show no changes on 
hyperventilation even in the presence of hypoglycemia, 
and that other important factors yet remain to be 
sought to explain this difference in response to this 
test. The depth of hypoglycemia achieved in these 
patients was greater than that in previous studies 
on the effect of hyperventilation, and emphasizes the 
stability of some EEG records in the presence of 
extreme, although transient hypoglycemia. 


SUMMARY 


1. Intravenous insulin was given to a series of 24 
young adult patients with diagnoses of syncopal epi- 
sodes or atypical seizures, in an attempt to elicit 
EEG abnormalities. 

2. Hypoglycemia of extreme degree was achieved 
30 min. after injection of insulin in almost all patients. 

3. Twelve patients had no symptoms at the time 
of the lowest blood sugar; 8 had no symptoms at any 
time. 

4. In 13 patients the EEG remained normal at 
the depth of hypoglycemia; in 9 of these it also was 
normal after 3 min. of hyperventilation during hypo- 
glycemia. 

5. In one patient with a clinical history of vaso- 
depressor syneope, hyperventilation during severe 
hypoglycemia produced a paroxysmal EEG abnormal- 
ity, but no clinical seizure. 

6. The stability of some EEG’s despite hyper- 
ventilation and transient severe hypoglycemia, is em- 
phasized; the need for the investigation of other fae- 
tors influencing the hyperventilation response is re- 


emphasized. 
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Clinical evaluation of the therapeutic value of 
earbon dioxide inhalation in treatment of patients 
suffering from cerebral vascular accidents is difficult 
and usually impressionistic. Theoretically there is 
good reason to employ carbon dioxide mixtures with 
oxygen in the treatment of incipient or frank cerebral 
ischemia, since CO, in concentration of 5-7 per cent 
is known to be an unquestionably potent cerebral 
vasodilator and means of increasing cerebral blood 
flow (Kety and Schmidt 1948; Himwich 1951; No- 


pathological state subject to frequent spontaneous 
fluctuations. 

The purpose of the present study is to determine 
the effect of inhalation of a mixture of 7 per cent 
CO, in oxygen upon the focal slow activity (theta 
and delta waves) often present in the electroenceph- 
alograms of patients following frank episodes of 
cerebral infarction. It is not our purpose here to 
consider the more difficult problem of the clinical 
value of this method of treatment. 
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Sample EEG record of patient K showing marked change 
channels 3, 4, and 6: RF, RP, RO, RAT-RPT) when breathing 7 per cent CO, in 0,. 
after the onset of breathing each 
left frontal, 
LAT: 
right posterior temporal. 


taken from the record 2% min. 
breathed through the same mask. LF: 
frontal, RP: right parietal, RO: right 
temporal, RAT: right anterior temporal, 


occipital, 
RPT: 


vak et al. 1953). However, evaluation of the clinical 
effects of CO, inhalation on patients suffering from 
cerebral ischemia and infarction has failed to give 
unequivocal evidence of improvement (Millikan 1955). 
Furthermore, such observations are fraught with the 
pitfalls of subjective impressions of progress in a 


1 Supported by U. S. Public Health Training Grant, 
2-B-5025. 
2 Now at University Hospital, Ann Arbor, Michigan. 
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in the EEG pattern of the focal slowing (in 
Each sample was 
samples the patient 
occipital, RF: right 
LPT: left posterior 


gas. In all 
LO: left 
temporal, 


LP: left parietal, 


left anterior 


MATERIAL AND METHODS 


The 20 patients selected for this study were hos- 
pitalized at the U.S. Veterans Hospital in Portland, 
Oregon. All had clear-cut evidence of cerebral vascular 
insufficiency both on the basis of history and physical 
examination and none had evidence of cerebral hemor- 
rhage as determined by spinal fluid examination. 
Clinical diagnoses were hemiparesis, hemiplegia or 
monoplegia evidently due to occlusion of the middle 
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eerebral artery or its branches in 18 eases. Hemi- 


paresis due to internal carotid artery occlusion was 
suspected in 2 individuals. 

The interval since onset of symptoms and signs 
of acute cerebral infarction varied from 3 days to 18 
months. Electroencephalographie examination demon- 
strated a clear-cut unilateral slow wave focus in 12 
of the 20 patients who studied. These 12 
individuals were then subjected to gas inhalation 


were 


5. Patient in the electroencephalographie examin- 
ing room with assistant. 

A 12 or 16 lead bipolar electroencephalogram was 
recorded on a 6 or 8 channel Grass Electroencephalo- 
graph for 3 min. under each of the above five standard 
conditions. The last 2 min. under each of the 5 
conditions were used in the analysis, allowing the 
first minute for metabolic equilibrium to be establish- 
ed. The 2 min. were divided into 10 see. intervals, 


TABLE I 


Summary of clinical data and analysis of comparative responses to gas inhalation expressed in terms of a 


modified delta index. 


A ‘‘t’’ value of greater than 1.72 


land 


indicates significance at the 5 per cent level. 


Delta-theta- 


Delta-theta- “tt”? value index-mean “t” value 
index-mean comparing of 7% CO, comparing 
Interval of 0, and 0, with in 0, with CO, with 
Clinical post room air by room air room air by room air 
Pt Age Status stroke mask (R.A.) (R.A.) mask (R.A.) (R.A.) 
0. R.A. CO, R.A. 
A 62 L. hemiplegia 12 days a 2.96 — 1.92 2.96 2.03* 
B 60 L. hemiplegia 1 month Too much variation in controls 
C ne 63 L. hemiparesis 1 month Poo much variation in controls. 
D 71 R. hemiplegia 6 days 1.41 1.46 0.167 0.42 1.46 6.24* 
E 57 R. hemiparesis 34 days 0.125 0.167 0.36 0.0 0.167 ee 
F 74 R. arm paresis 6 months 0.04 0.17 1.04 0.0 0.17 1.49 
G 62 L. hemiplegia 29 days 2.95 3.25 0.67 2.25 3.25 2.13* 
H 59 R. hemiplegia 14 days 2.7 3.5 2.59* 4.3 3.9 2.23* 
I 56 L. hemiplegia 18 months 1.04 1.07 0.25 0.29 1.07 3.62* 
J 61 L. hemiplegia -7 days 1.55 1.46 0.25 1.53 1.46 0.35 
K 67 L. hemiplegia 3 days 2.24 2.43 0.02 0.65 2.43 4.77 
L 59 L. hemiparesis ' 1 month Too much variation in controls 


* sig. at 0.05 level. 


studies and electroencephalographie examination under 
the following standardized conditions: 

1. Patient alone in the electioedttphalographic 
examining room. Me fone 

2. Inhalation of 7 per cent CO, and 93 per cent 
0, through face mask held by assistant: 

3. Inhalation of room air ceasaa -faece mask 
held by assistant. : teria: 

4. Inhalation of 100 per conti-O. through face 
mask held by assistant. 4 
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each interval was then subjected to analysis by means 
of a modified Hoagland Delta Index (Hoagland et 
al. 1937) in which all waves larger than 0.2. see. 
were treated as delta waves. This gave an index of 
all activity under 5 ¢/seec. Counting the number of 
waves slower than 5 ¢/sec. was also tried, but figures 
were discarded because of too much variability. There- 
fore each patient has 12 measurements of this modified 
delta index under each of the five conditions cited 
above. 
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RESULTS 


Eight of the 12 patients showed that CO, inhala- 
tion gave a lower index of slow wave activity than 
was found under the other 4 standard conditions 
(table I). With one patient 100 per cent O, gave 
the least slow activity and CO, inhalation significantly 
increased slow activity. The remaining 3 patients 
showed too much variation within the control condi- 
tions to allow statistical correlation. The statistical 
analysis consisted of comparison of the arithmetical 
mean of CO, delta-theta index (condition #2) to 
that of the delta index of room air by mask (condi- 
tion #3). Comparison of control situations (condi- 
tions #1 and #5) demonstrated no significant vari- 
ability related to the presence of an assistant in 
the room. The comparison was made through the use 
of Student’s ‘‘t’’ test. A ‘‘t’’ value greater than 
1.72 indicates that there is sufficient difference to 
state at the 0.05 level of significance that these values 
are not of the same population and therefore show 
definite statistical difference (table I). 


Six of the 12 patients (50 per cent) demon- 
strated statistically significant decrease in the amount 
of slow wave activity during the CO, inhalation. Two 
of the 12 patients (16 per cent) had definite decrease 
in the delta-theta index during CO, inhalation but 
of a degree not statistically significant. One individual 
(9 per cent) demonstrated lowest delta-theta index 
with inhalation of oxygen alone, and significantly 
increased slowing during CO, inhalation (patient H). 

Data from 3 patients of the 12 (25 per cent) 
analysis because 
No correla- 


were not suitable for statistical 
of too great variation in control values. 
tion was observed between age, clinical severity of 
cerebral damage or duration of the interval following 
onset of ‘‘stroke’’ and the response of the slow wave 
activity to CO, inhalation. No objective or subjective 
change in the patients’ clinical status was noted 
during the gaseous inhalation and vital signs remain- 
ed essentially unchanged save for increased respiratory 
depth during CO, inhalation. No prolonged effect 
on the electroencephalogram was noted after cessation 


of gas inhalation. 


DISCUSSION 


Elevation of the serum CO, is known to cause 
relative acceleration of the EEG of normal individuals 
(Dusser de Barenne et al. 1938; Gibbs et al. 1940). 
This may be related to augmentation of cerebral blood 
flow or due to a direct ionie or pH effect. Hence, 
the relative acceleration of the abnormal slow activity 
in our group while inhaling 7 per cent carbon dioxide 
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does not necessarily imply primarily vascular change. 
Control counts of baseline activity in the undamaged 
hemisphere do not indicate a significant generalized 
acceleration of activity during CO, inhalation in these 
patients. However, in the absence of a frequency 
analyser, it is not possible to rule out a relative 
increase in faster superimposed components over both 
hemispheres. 

In general our results would allow us to infer 
that during CO, inhalation there is a significant im- 
provement in the focal pathological changes in the 
electroencephalogram of patients with cerebral infare- 
tion. 

This study has not ventured to answer the more 
difficult problems of the effect of repeated carbon 
dioxide inhalations on the rate of improvement of the 
EEG following acute focal vascular accidents nor the 
influence of this mode of treatment on the clinical 
status of the patients. 


SUMMARY 


The effect of 7 per cent CO, inhalation upon the 
slow wave focus in the electroencephalogram of twelve 
patients with focal cerebral infarction was studied. 
CO, inhalation was accompanied by a statistically 
significant decrease in focal cerebral slow wave activ- 
ity in 50 per cent of the cases studied. Those individ- 
uals not demonstrating a significant decrease in slow 
activity either showed some decline in slow activity 
(17 per cent) or had records in which no significant 
change could be ascertained (25 per cent). A single 
patient (9 per cent) demonstrated maximum improve- 
ment of the electroencephalogram with O, inhalation 
alone. No significant clinical changes were noted in 
the patients during or following gas inhalation. 


It is concluded that the inhalation of 7 per cent 
CO, in oxygen has an apparently beneficial immediate 
effect on the electroencephalogram of certain patients 
with encephalomalacia. The clinical value of this 
mode of treatment remains to be demonstrated. The 
non-specific effect of the gas on the EEG is discussed 


briefly. 
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THE ELECTROENCEPHALOGRAM IN THE NEGRO 


A Comparison of Electrical Activity of the Brain in White and Negro Patients 


GeorGE G. MERRILL, M.D. and Etwoop E. Cook, A.B. 
100 East Chase St., Baltimore 2, Md. 


(Received for publication: January 28, 1957) 


The question of racial differences in the electrical 
activity of the brain is sometimes raised. Yet there 
is a surprising lack of information on this subject in 
the literature. Since any racial difference would be 
important in the interpretation of the electroenceph- 
alograms of people of different racial background, it 
seems important to fill this gap in our knowledge by 
a comparative study. 


Method of Study. A group of 396 persons whose 
electroencephalograms were run in our laboratory 
were analyzed statistically. Most of these cases show- 
ed no marked abnormality either clinically or in the 
EEG. No children were included because of lack of 
sufficient number. 


The electroenecephalograms were obtained by the 
usual standard techniques, using both monopolar and 
bipolar recordings with 14 electrodes, and getting 
hyperventilation whenever possible. 

Judgment of ‘‘race’’ by ‘‘eolor’’ is admittedly 
not the best scientific technique. However, an an- 
alysis of such color differences is in line with many 
social science studies. 


All cases were out-patients of similar enough 
background that the white and negro groups were 
considered reasonably well matched. Findings were 
analyzed in terms of a number of parameters, and the 
results evaluated statistically. 


RESULTS 


Dominant Background Frequency. The electro- 
encephalograms were classified according to the do- 
minant frequency, and those of the white and negro 
patients then compared. The frequency curves of both 
groups were very similar, with almost identical means 
and medians. 


The standard deviations were found to be not sig- 
nificantly different. The number of predominantly 
low-voltage fast records was also compared in the 
two groups and the difference found to be not sig- 
nificant at the .10 level. Similarly, the cases show- 
ing dominant slow activity were compared and the 
difference also found to be not significant at the 
10 level. 
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Central Background Frequency 


Fig. 1 


TABLE I 


Central Background Frequency 


Central White Negro 
Frequency No. % No. % 
8- 81% 28 10.0 9 i 
9- 9% 75 26.9 34 29.1 
10-10% 93 33.3 36 30.8 
11-11% 46 ~ 16.5 21 17.9 
12-12% 9 3.2 4 3.4 
vs a 11 3.9 8 6.8 
Slow 10 3.6 3 2.6 
Fast 7 2.5 2 pe 
Total 279 100.00 117 100.0 
Mean 9.96 e¢/see. 9.95 ¢/see. 
Median oe :..,° 9.06 . ** 
St. Dev. ea 1.08 § 


Range of Background Frequency. The range of 
the dominant background frequencies was classified 
according to the number of cycles per second of varia- 
tion. The means were found to show no significant 
difference at well below the .10 level. 
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TABLE II 


Range of Background Variation 


White Negro 

Range No. % No. % 
0-1 68 25.4 29 26.6 
1-2 77 28.7 31 28.4 
2-3 89 33.2 37 33.9 
3-4 15 5.6 6 5.5 
4-5 14 5.3 3 2.8 
5-+ 5 1.9 3 2.8 
Total 268 100.0 109 100.0 


Mean 1.85 e/see. 


NOTE : The 11 records with no discernable rhythm other 
than low voltage fast activity were of course omitted here. 

Additional Background Activity. The _ electro- 
encephalograms were also classified according to the 
presence of background activity of other frequencies 
than the dominant rhythm, and comparisons made be- 
tween the two races. No significant difference was 
found at the .05 level. 


TABLE III 
Additional Background Activity 


Type of White Negro 

Activity No. % No. % 
L. V. F. 34 12.2 15 12.8 
Slow 21 7.5 9 i 
Fast 97 34.8 43 36.8 


All Types 129 46.2 ae 44.4 


NOTE : High incidence of fast activity is accounted for 
in many cases by use of sedative to get sleep. 

Paroxysmal Abnormalities. Some of the electro- 
encephalograms showed paroxysmal disturbances of 
various types, which were classified as single spikes, 
spike and wave patterns, or small spike-like discharges 
which we have ealled ‘‘spike variants’’. The dif- 
ferences in amounts of each of these types of par- 
oxysmal disturbance were compared, and no signi- 
ficant differences were found at well below the 
-10 level. 
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TABLE IV 


Paroxysmal Activity 


White Negro 
Abnormality No. Yo No. % 
Spike 26 9.3 9 a8 
Spike and Wave 14 5.0 7 6.0 
Spike Variant 112 40.1 36 30.8 


Comment: This study attempts to give some in- 
formation about a point on which the literature is 
silent. A statistical comparison has‘ been made of the 
dominant frequencies, the additional background fre- 
quencies, and the paroxysmal disturbances in groups 
of similar white and negro adults. No statistically 
significant differences of any sort were found. This 
suggests that in electroencephalographie interpretation 
it is not of particular importance to know whether 
the patient is white or negro, as both can be judged 
by the same criteria. 


SUMMARY 


A group of 396 relatively normal white and negro 
adult patients were studied electroencephalographic- 
ally, and the results compared, to determine whether 
any differences were present. No statistically signifi- 
cant differences were found. 


Reference: MERRILL, G. G. and Cook, E. E. The electroencephalogram in the negro. EEG Clin. Neuro- 
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A ROENTGENOGRAPHIC STEREOTAXIC TECHNIQUE FOR IMPLANTING 
AND MAINTAINING ELECTRODES IN THE BRAIN OF MAN 1 


Hat C. Becker, M.S., WARREN L. Founps, B.A., SAMUEL M. PEACOCK, JR.,2 M.D., 
Rospert G. HEATH, M.D., RAEBURN C. LLEWELLYN, M.D. and WattTer A. MICKLE, M.D. 
Department of Psychiatry and Neurology, Tulane University School of Medicine, 
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(Received for publication: December 14, 1956) 


INTRODUCTION 


All stereotaxic techniques for neurosurgery in- 
eluding those which have combined stereotaxy with 
roentgenography 3 seem to have been anticipated when 
viewed in the light of Clarke’s original ideas (Clarke 
and Horsley 1906; Sachs and Fincher 1927) and those 
of early workers in quantitative roentgenography 
(Pacini 1922; Broadbent 1931; Margolis 1940; Wylie 
1945). 

Many investigators have extended these ideas in 
certain reentgenographie stereotaxic techniques for 
human neurosurgery 4 in which electrodes of various 
types for electrical stimulation and/or recording have 
been implanted within the brain. 

In 1952 Hodes et al. described a roentgenographie 
stereotaxic placement technique in which ‘‘... anterior- 
posterior and lateral films were... taken from a 
distance of 6 to 7 feet in an attempt to approximate 
parallel rays’’. As summarized by Becker et al. 
(1954) this technique was revised and extended to 
include quantitative means for assessing and correct- 
ing the roentgenographic mapping errors which in- 
herently result from a non-collimated beam of X-rays. 


1 Supported by grant-in-aid from the Commonwealth Fund. 

2 Research Fellow, the National Foundation for Infantile 
Paralysis 1951-1953. 

3 Spiegel, Wycis, Marks and Lee 1947; Hayne, Belinson 
and Gibbs 1949; Jasper and Hunter 1949; Talairach, Hecaen, 
David, Monnier and de Ajuriaguerra 1949; Wycis and Spiegel 
1949; Hayne and Meyer 1950; Talairach, de Ajuriaguerra and 
Hecaen 1950; Bailey and Stein 1951; Carpenter and Whittier 
1952; Delgado 1952; Hodes, Heath, Founds, Llewellyn and 
Hendley 1952; Rémond 1952; Spiegel and Wycis 1952; Delgado 
1953; Dodge, Bailey, Bickford, Petersen, Sem-Jacobsen and 
Miller 1953; Dodge, Colin, Sem-Jacobsen, Bickford and Peter- 
sen 1953; Woltman 1953; Becker, Founds, Peacock, Heath and 
Llewellyn 1954; Delgado, Hamlin and Nalebuff 1954; Mark, 
McPherson and Sweet 1954; Dodge, Petersen, Sem-Jacobsen, 
Sayre and Bickford 1955. 

4 Spiegel, Wycis, Marks and Lee 1947; Hayne, Belinson 
and Gibbs 1949; Talairach, Hecaen, David, Monnier and de 
Ajuriaguerra 1949; Wycis and Spiegel 1949; Hayne and 
Meyers 1950; Talairach, de Ajuriaguerra and Hecaen 1950; 
Carpenter and Whittier 1952; Delgado 1952; Hodes, Heath, 
Founds, Llewellyn and Hendley 1952; Spiegel and Wycis 1952; 
Delgado 1953; Dodge, Bailey, Bickford, Petersen, Sem-Jacob- 
sen and Miller 1953: Dodge, Colin, Sem-Jacobsen, Bickford 
and Petersen 1953; Woltman 1953; Becker, Founds, Peacock, 
Heath and Llewellyn 1954; Delgado, Hamlin and Nalebuff 
1954; Mark, McPherson and Sweet 1954. 


The present paper presents this revised technique, in 
use in this laboratory since 1952 5, along with methods 
for fixing electrode leadwires to the skull, leading 
them out through the scalp, and providing connecting 
means for electrical stimulation and recording. 


GENERAL CONSIDERATIONS 


All stereotaxic placement techniques require 
knowledge of the three dimensional coordinates of 
the chosen ‘‘target’’ structures within the brain. 
These coordinates may be known relative to certain 
arbitrary datum planes or lines defined by external 
bony landmarks, or they may be known relative to 
various identifiable intracranial landmarks such as a 
partially calcified pineal gland, or, with air ventri- 
culography, the ventricles, foramen of Monro, caudate 
nucleus, thalamus, and others. 


The present technique utilizes either the pneumo- 
encephalogram or air ventriculogram for visualiza- 
tion of intracranial landmarks. The stereotaxic in- 
strument, antero-posterior and lateral 6 X-ray casettes, 
and X-ray tube are accurately integrated spatially 
to provide for rapid construction of intracranial maps, 
both A.P. and Lat., which are essentially free of 
errors from magnification and ‘‘ distortion’’. 

These maps provide the rectangular (Cartesian) 
coordinates of identifiable datum structures from 
which true coordinates of the target structures (usual- 
ly not visible on the X-ray maps) are determined. The 
three dimensional coordinates of each target and 
those of its respective burr hole are transformed into 
four coordinates with respect to the reference axes 
of the stereotaxic instrament. Four coordinates7 are 


5 This research project has been reported in detail (Heath 
1954). 

6 ‘Lateral’? and ‘‘antero-posterior’’ will be referred to as 
Lat. and A.P., respectively. 

7 Three mutually perpendicular coordinates define a given 
target point within the brain. One additional coordinate (,) 
is necessary to define a line containing the center of the 
burr hole and the target point when this iine is constrained 
to lie in a plane which is perpendicular to the A.P. axis of 
the stereotaxic instrument. 
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necessary to direct an electrode through a given burr 
hole down into target position within the brain. 

This method provides greater accuracy of place- 
ment than methods which rely solely upon the use of 
an atlas and a stereotaxic instrument. Since the in- 
formation contained in any atlas is at best an average 
set of figures, individual variation guarantees some 
uncertainty of caleulated target position in any 
individual case. In general, the absolute magnitude 


in turn insures minimal error as a result of individual 
variation. 

The stereotaxic instrument! (Bailey and Stein 
1951) used in this technique, with the four modifica- 
tions necessary to provide for accurate air ventriculo- 
graphy, is shown in figure 1. 


These modifications are: 
1. The addition of Lat. and A.P. casette holders 
(shown with A.P. casette inserted). 


Fig. 1 


Stereotaxic instrument with modifications for air ventriculography. 


Modifications : 


1. Casette holders. Note the two adjustable threaded studs in lower channel of 


Lat. casette holder. 
2. Bone fixation screws. 
3. Special ear bar. 
4. Special electrode carrier. 


Elements referred to in section on coordinate calculation : 


a. A.P. horizontal bars. 
b. Lat. horizontal bar. 
c. Vertical bars. 


of this uncertainty in coordinates is a function of the 
distance between target and datum point. The method 
described below allows maximal flexibility in the 
selection of this datum point, and therefore minimizes 
the distance between target and datum point. This 


2. The substitution of two postero-lateral skull 
fixation screws for the occipital fixation screw to 
afford space for the A.P. X-ray easette. 


1 Instrument manufactured by Labtronics, Inc., Chicago, 
Illinois. 
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3. The substitution of a special crank-shaped ear 
bar supported from below the A.P. horizontal bar, in- 
stead of from above as in the original design, in 
order to obviate removal of the ear bar for the Lat. 
X-ray. 

4. The addition of a telescoping ‘‘trombone’’ 
feature to the electrode carrier (fig. 2). This provides 
means for maintaining the electrodes in target posi- 
tion while the guide tubes with which they have been 
inserted are withdrawn from the brain. 


Fig. 
“Trombone” electrode carrier. 


A one-stage implantation procedure was made 
possible by the development of rapid techniques for: 
1. X-ray visualization of subcortical target points. 

2. Caleulation of the rectangular coordinates of 
these points referred to the A.P., Lat., and vertical 
reference axes of the stereotaxic instrument. 

3. Insertion of electrodes into these subcortical 
targets, secure fixation of the electrode leadwires to 
the skull, and providing surgically adequate exits for 
these leadwires through the scalp. 
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4. Connecting electrode leadwires to recording and 
stimulating equipment. 


METHOD 


1. X-Ray Visualization of Subcortical Target Points 
Subcortical target points are visualized with air 
ventriculography after the patient’s head has been 
fixed in the stereotaxic instrument. Lat. and A.P. 
X-ray maps, with superimposed cross section grids, are 


accurately obtained by means of special sighting 


Stationary Outer Tube 


(058" outside diameter) 
: EP Movable Inner 
i wv I diameter) 


Bottom of Movable 
rive Carriage 


Sleeve Soldered 
to Movable Tube 


facilities on each casette, radio-opaque rulings on the 
casette faces, and a rifle type telescopic sight on the 
X-ray tube (fig. 3). The ecasette sights are of the 
double peephole crosshair type, detachable to allow 
for darkroom manipulation of the casettes, and con- 
structed to afford speedy alignment of the X-ray 
beam when placed on their respective casettes. When 
properly sighted in, the central ray of the divergent 
beam of X-radiation impinges perpendicularly on the 
face of each casette at a particular ‘‘reference point’’. 
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The reference point on each ecasette was chosen to 
correspond with the approximate ‘‘ 
of the constellation of subcortical targets with which 
the investigators were concerned. Virtually all of these 
targets fell within the boundary of a 6 x 6 x 6 em. 
cube centered on these reference points. The reference 
point on the Lat. grid has the grid coordinates (in 
centimeters) + 3.0 A.P. and + 4.0 vertical. The Lat. 
and A.P. grid coordinate systems (7.e. those on the 
faces of the casettes) and these reference points, 
are shown in figures 3 and 6. The procedure used 
assumes dap constant at 16 em., d, constant at 
10.8 em., and s constant at 6 feet. 


center of gravity’’ 


to both Lat. and A.P. maps is shown in figure 4, 
where Py, represents a given subcortical target, and 
P’, is the point on the X-ray film where point P, 
would be mapped if a collimated X-ray beam were 
used. P”, is the point where P is actually mapped 
by the divergent beam of X-rays. The error in 
mapping of the point Pg is represented by the 
distance ag, where, 
hp 
ap — P”, — P’s = d, tan Bs = dy.— — (Eq. 1.) 
s-dy, 
The central X-ray intersects the plane of the X-ray 
film perpendicularly at the point O, which coincides 
with the ‘‘reference points’’ of the Lat. and A.P. 


A.P. Cassette 
A.P. Ref Point | [noe Comeaete 
- : . é _ | EH! | | Lat. Ref. Poi 
Central Ray | Schall rahe a 
wiesseesseess | L Index 
X-ray Tube eo ; 
Fig. 3 


Roentgenographic sighting and mapping facilities. 


a. Horizontal bar (endview). 
c. Vertical bar. 
Drawing not to scale. 


2. Calculation of Target Coordinates and 
Location of Burr Holes 


Quantitative corrections for the mapping errors 
may be determined by simple geometry. The mag- 
nitudes and signs of these corrections at any point 
P (fig. 4) are determined by the h values of the 
apparent target locus P”. Geometry which applies 


grid systems described above. The corrections for 
each target locus can be taken from a table computed 
from Eq. 1, or from actual test X-ray films such as 
shown in figure 5. Using these corrections, the cor- 
rected loci of the various target points in the Lat. and 
A.P. maps are plotted full seale on linear cross 
section paper (fig. 6), and the remaining coordinate 
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Geometry of roentgenographic mapping technique (Lateral case). 


Lateral reference point indicated by 0. 
d,, = 10.8 cm. 
s = 6 feet. 


The geometry for the A.P. case is identical to the above except that d,p replaces d,. 


d,p = 16.0 cm. 
Drawing not to scale. 
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calculations are carried out on these new maps. For 
all points P which have the d values assumed above, 
this correction is exact. For those points which have 
other d values, some residual errors in their loci are 


present on the new maps. 


Fig. 


Lateral test roentgenograph. 


The shadow of the casette face radio-opaque cross section grid 


A similar 
maximum 


less than + 3 em. argument applies in 
the A.P. ease. The residual errors for 
various values of h for + 3 em. in d value are shown 
in table I for the Lat. and A.P. cases. The vector sum 
of the mutually perpendicular residual errors repre- 


5 


is numbered. 


The second grid shadow is that of an identical grid ruled on a thin sheet of lucite 
placed 10.8 cm. (d,) from casette in a plane parellel to that of the X-ray film (i.e., 
perpendicular to central ray.) Note magnification of lucite grid. 


However, d, and d,yp were chosen to correspond 
with the center of the 6 x 6 x 6 em. cube as described 
In the Lat. 
had 


above in order to minimize this error. 
vase, for example, all points of interest have 


ad, which differs from the assumed 10.8 em. by 


sents the maximum spatial error in the locus of a 
point, under the assumption that this point lies within 
the boundary of the 6 x 6 x 6 em. cube. The maximum 
absolute magnitude of the vector sum of these re- 
sidual errors is given by 
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|E| = V (052 4 (0.6)2 + (0.6)2 = 7097 = 


| + 1.0 mm. | 


This maximum error appears tolerable in view of 
experience which indicates that errors of this same 
magnitude result from uncontrollable sources such 
as slight bending of the hypodermic guide tubes during 
insertion, mechanical deflection of the stereotaxic 
instrument, changes in orientation of the cranium 
during trephining, and possibly others. 


The coordinates of the burr holes are determined 
from the first set of Lat. and A.P. X-ray maps men- 
tioned above. The various subeortical targets are 
chosen and marked as points on these maps. (Only 
the information from the Lat. X-ray is actually neces- 
sary to determine the A.P. coordinate of a particular 
burr hole.) The target points marked on the Lat. 
film are then plotted in their corrected loci on linear 
eross section paper (fig. 6). The distance p from 
the vertical axis of the Lat. grid to the A.P. position 
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Fig. 6 
Geometry of target locus correction and coordinate determination. 
Stippled area represents the 6 XK 6 X 6 cm. cube centered on Lat. and A.P. 
reference points. A target whose apparent locus falls at the points marked with an 


(X) was chosen outside the boundary of tha cube for the purpose of illustration, since 
magnitudes of the applied corrections for targets within the cube would be too small 


for clear reproduction. 


Note that under the assumptions stated in text, the apparent target locus, the 
corrected target locus, and the reference point are colinear in the Lat. and A.P. maps. 


The burr holes are shown above in their corrected loci. 


TABLE I 


MAXIMUM RESIDUAL ERRORS FOR VARIOUS 
VALUES OF d 


Residual 
d (em) h (em) a (em) Error 
(mm ) 
7.8 3.0 1.4 — 0.5 
Lat. 10.8 3.0 1.9 0.0 
13.8 3.0 2.5 0.6 
13.0 3.0 2.3 — 0.6 
A.P. 160 3.0 2.9 0.0 
19.0 3.0 3.5 0.6 
d _— ° 
a= , 2 s — 183 em. = 6 feet 


of the target is added algebraically to the quantity 
‘“A.P. zero’’ (read off the graduated horizontal bar 
at the position of the index on the Lat. casette) to 
yield the A.P. coordinate, designated (A.P.), of the 
particular burr hole. The mounting of the electrode 
guide tubes is such that when the electrode carrier is 
placed on its supporting bar (b of fig. 1) and the 
vertical bars (¢ of fig. 1) of the electrode carrier 
assembly have been set at the coordinate (A.P.) deter- 
mined above, the mid-point between the guide tubes 
(in the A.P. dimension) will have the same A.P. 
coordinate in space as that of the chosen target point. 
This single coordinate (A.P.) is sufficient to locate 
the center of the burr hole in the A.P. dimension, 
and the laterality (7.e. its position in the lateral dimen- 
sion) is left to the discretion of the operating team. 
The major factors which influence the choice of 
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laterality are the sagittal sinus medially, and the 
range of the stereotaxic instrument laterally. For 
those cases in which the locus of the burr hole falls 
on the forward sloping part of the skull, it has 
proven desirable to shift the A.P. coordinate of the 
burr hole slightly anterior to the calculated value by 
a distance of 1 to 3 mm. The magnitude of this 
change in the A.P. coordinate is a function of the 
shape of each particular skull and therefore has al- 
ways been entered as an estimated correction in hole 
position. (This in no way affects the accuracy of 
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Fig. 


Electrode leadwire fixation. 


insure minimal displacement of the head with respect 
to the stereotaxic instrument. 

Three more coordinates are required in addition 
to the (A.P.) setting already determined. These are 
(fig. 6) the laterality of the electrode earrier (L), 
angle of the carrier (a), and the depth reading of 
the carrier rack and pinion scale (D). These co- 
ordinates are determined from a second set of Lat. 
and A.P. X-ray films which are obtained after the 
burr holes have been drilled and identified with silver 
markers encased in special plastic buttons (temporarily 
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A. Cortical and subcortical electrodes in place, prior to withdrawal of guide tubes. 


B. Guide tubes withdrawn. 


C. Lucite button and tapered plugs before leadwire fixation. 
D. Leadwires fixed in place with buttons and plugs. 


electrode placement, since the ecaleulation of target 
coordinates per se is accomplished in a later step.) 

It is important that each burr hole be made 
carefully, for a displacement of 3 to 4 mm. while 
getting the burr started usually would be serious as 
a result of the small area of dura ultimately exposed, 
and the irregular bone shelf usually left above the 
dura. Trephining should be accomplished without 
exerting excessive downward force on the skull to 


placed in the burr holes while X-ray films are 
exposed). This second set of films eliminates any 
error which might otherwise have resulted from dis- 
placement of the cranium with respect to the stereo- 
taxic instrument during trephining. 

The target points are marked on the new set of 
Lat. and A.P. films with the aid of discernible 
anatomical landmarks. Quantitative corrections for 
the loci of these points are determined as described 
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above yielding corrected loci which are plotted on 
linear cross section paper for the A.P. and Lat. cases. 
The coordinate (A.P.) is determined as before for 
each target point, and the remaining coordinates (L), 
(a), and (D) are found by geometric construction 
on the corrected A.P. map as follows (fig. 6). 

The corrected position of the appropriate burr 
hole is plotted on the A.P. map to determine the 
angle (a), which is the angle between the vertical 
and a line connecting the center of the burr hole with 
the target point. This angle is measured with a 
protractor. 

The Lat. coordinate (L) is found by drawing a 
horizontal line through the center of rotation of the 
electrode carrier (19.3 em. above the _ horizontal 
‘“reference level’’ on the two ecasettes). The point 
(b) at which this line intersects the line connecting 
the burr hole and the target has a laterality given by 
the coordinate (L). 

The distance (C), from the center of rotation of 
the electrode carrier to the target, is measured direct- 
ly. The depth coordinate (D) is found by subtracting 
the distance (C) (always considered positive) from 
the value 17 em. Seventeen cm. is a constant derived 
from the geometry of the stereotaxic instrument and 
the length of the electrode guides. Since (C) is 
always considered to carry a positive sign and is sub- 
tracted from 17 to find (D), the value of (D) may be 
either positive or negative. 

The four coordinates (A.P.), (a), (L), and (D) 
provide sufficient information to direct an electrode 
(or pair of electrodes) into target position through 
a given burr hole. 

3. Insertion of Electrodes 

Using sterile technique, the electrode leadwires 
are threaded into the tubes of the trombone electrode 
carrier as shown in figure 2, The electrode carrier is 
directly supported by an assembly consisting of one 
horizontal and two vertical bars. The vertical bars of 
this assembly are positioned on the graduated hori- 
zontal bars of the stereotaxic instrument at the 
calculated A.P. coordinate. The electrode carrier is 
positioned at the calculated coordinate (L) on its 
horizontal supporting bar with the inner guide tubes 
telescoped up into the outer tubes by means of the 
rack and pinion mechanism. 

A plastic skull button is threaded over the guide 
tubes and held in place by bone wax, as shown in 
figure 7. The electrodes are then slowly advanced 
toward and into the brain until the scale reading of 
the rack and pinion assembly corresponds with the 
saleulated value (D). The electrodes are then at the 
subcortical target locus. A clamp is attached as 
pictured in figure 2, so that it presses the electrode 
leadwires firmly against the supporting frame just 
above the outer guide tubes. This immobilizes the 


flexible electrode leadwires, and the resultant column 
action overcomes the tendency of the electrodes to 
pull up out of position as the inner guide tubes are 
telescoped upward. After the inner tubes have emerged 
a few centimeters from the brain, the plastic button 
is lowered into the burr hole and snugly seated by 
careful pressure. 

A tapered lucite plug with vertically grooved 
sides (fig. 7, ¢ and d) is placed into the hole of 
the plastic button in order to firmly anchor the 
leadwires. These wires are carefully threaded out 
of the guide tubes after the spring clamp is re- 
leased, and the electrode carrier is removed from the 
field. Following this procedure the wires are brought 
out through the sealp no less than 5 em. caudal to 
the incision by threading each through a size 17 lumbar 


puncture needle (fig. 8). 


Fig. 8 
Surgical field showing electrode fixation and leadwire exit 
through scalp. 


4. Plug-In Connector, Electrode Leadwires, 
and Electrodes 


Several connecting devices for subcortical and 
cortical electrodes have been described (Delgado 
1952, 1953). In the present series the following ones 
have been used: a plastic headpiece fitted with a 15 
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prong miniature connector 1 (fig. 9A and B), and a 
eloth stocking (orthopedic stockinette) to which the 
connector is sewed (fig. 9C). The cloth stocking has 
proven superior to the plastic headpiece, since taping 
the latter to the scalp presented serious problems with 
hair growth. On the rare occasions when the stocking 
accidentally has been pulled from the head, the lead- 


broken at the connector 


have 


wires invariably 


terminals. 


A, 


9 


patients have demonstrated that all implanted elee- 
trodes whose leadwires have been fixed to the skull 
as deseribed have remained in target position until 
surgically removed. Several patients have worn these 
implanted electrodes for periods ranging up to two 
years with no complications. 

The electrodes are fabricated from segments of 
pure silver wire, A.W.G. No. 24, heated with a small 
acetylene torch slightly above melting point on an 


Fig. 9 


Photograph of connecting devices for cortical and subcortical electrodes. 


A. Plastic headpiece and connector. 
B. Plastic headpiece taped to scalp. 
C. Cloth stocking and connector. 


The leadwires 2 are color coded in order to pro- 
vide positive identification, and are quite flexible 
to permit relative motion between brain tissue and 
skull without incurring additional brain damage. 

Radiographs taken periodically on a series of 

1 Cannon Electric Company, No. DA-15. 

2 Electrode leadwires currently in use 
1556-Al, vinyl chloride acetate insulated (0.028 inch out- 
Side diameter), 4 strands silver plated A.W.G. (B&S) avail- 


able in 10 different colors, from Tensolite Insulated Wire Co., 
Inc., Tarrytown, New York. 


are Tensolite No. 


asbestos slab. When the molten wire segment draws 
itself into spherical shape as a result of surface 
tension, an uninsulated end of the leadwire is thrust 
into the molten sphere (about 0.6 mm. diameter). 
The junction of leadwire insulation and silver sphere 
is sealed with a cement 3 which has been found free 
of foreign body reaction in tissue. 


3 No. 36-2 Liquidope from General Cement Manufacturing 
Company, Rockford, Illinois. 
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SUMMARY 


A single stage roentgenographic stereotaxic tech- 
nique has been presented which permits accurate 
placement of stimulating and recording electrodes 
having flexible leads into subcortical structures of 
the human brain (visualized by air ventriculography ). 
A simple and rapid system for correcting the roent- 
genographic mapping errors which result from a non- 
collimated X-ray beam has been developed. Design 
information has been given on electrodes and lucite 
skull buttons which are easily fabricated. The buttons 
prevent displacement of electrodes from their target 
positions. Leadwires are flexible, inexpensive, and 
readily available. These electrodes are comfortably 
tolerated for periods of time ranging up to two years 
and are easily connected to equipment for electrical 
stimulation and recording. 


The authors wish to acknowledge the contributions 
of Mr. Stanley John, mechanician, Department of 
Psychiatry and Neurology, Tulane University School 
of Medicine. 
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AN UNUSUAL LESION RESULTING FROM ELECTRODES IMPLANTED 
IN MONKEY BRAINS ! 


BEN BuRSTEN 


Department of Physiology, Yale University School of Medicine, 
New Haven, Connecticut 


(Received for publication: January 28, 1957) 


With the use of implanted electrodes have come 
many important contributions to our understanding of 
the subcortical brain regions. The technique has been 
used extensively for both stimulating and recording 
from the subcortical regions of animals (Delgado 
1955; Delgado, Roberts and Miller 1954; Gloor 1955; 
Kaada 1951; Ranson, Kabat and Magoun 1935; and 
many others). More recently, electrodes have been 
implanted in the brains of humans by workers such 
as Bickford et al. (1953), Delgado and Hamlin 
(1956), Heath et al. (1954) and others. The poten- 
tialities for this technique as a research tool and as 
an aid in diagnostic and therapeutic procedures are 
enormous and it is reasonable to suppose that intra- 
cerebrally implanted electrodes will be used more and 
more widely as time goes on. For this reason, evalua- 
tion of the technique from as many viewpoints as pos- 
sible is of great importance. 

In the literature we find few detailed reports of 
the histopathological changes due to needles implanted 
in the brain. Those workers who have described’ the 
tissue responses (such as Bagenstoss, Kernohan and 
Drapiewski 1943; Dodge et al. 1955; and Wilson 
1926) have generally characterized them as ‘‘min- 
imal’’. Delgado (1952) has described the tissue 
changes due to implanted multilead electrodes as 
‘“limited gliosis’’, and later (1955) as ‘‘mechanical 
destruction along the needle tract with some hemor- 
rhage, in general very small, and a brain reaction with 
leukocytic infiltration and glial proliferation around 
the needle tract’’. 

A most careful analysis of the tissue responses 
to multilead electrodes (of the type described by Del- 
gado 1952) implanted in the brains of cats has been 
made by Collias and Manuelidis (in press). The cats 
were sacrificed at various intervals after implanta- 
tion so that the progress of the lesion from the acute 
to the six-months stage could be observed. Areas of 
demyelinization were noted at distances of no more 
than 0.5 mm. from the track of the electrode.2 The 
greatest extent of the lesion was found in the gray 


1 Materials for this study were furnished by Dr. Delzado’s 
grants from The Foundations’ Fund for Research in Psy- 
chiatry, and the Office of Naval Research. Research in whole 
or in part is permitted for any purpose of the United States 
Government. 

2 Delgado (in press) noted some instances of partial 
demyelinization ‘‘extending for several millimeters’’. 


matter where microglial proliferation (but not gitter 
cells) was seen at a distance of 3 mm. from the track. 

In the course of experiments involving stimula- 
tion of the limbie system in monkeys, multilead elec- 
trodes of the type described by Delgado (1952, 1955) 
were implanted in various parts of tne brains of six 
animals. The operations proceeded normally and the 
post-operative behavior of the animals and their 
reactions in the experimental situation gave us no 
cause to suspect an unusual lesion. However, histe- 
logical study of the brains of two of the animals re- 
vealed lesions of a type and extent which we have not 
seen described elsewhere. 

In one monkey (fig. 1) where the electrode had 
been in place for 18 days, there was extensive uni- 


Fiz, 1 


lateral destruction of the anterior commissure. One 
can see the area of destruction extending medially for 
a distance of about 5 mm. from the electrode track. 
On the lateral side of the track and in the contra- 
lateral limb of the anterior commissure, the fibers are 
generally intact, although some evidence of demy- 
elinization (confirmed in a section stained for myelin) 
is visible. 

Examination under higher power showed the area 
of complete necrosis with liquefaction and cavity 
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formation. Around the edges of this cavity were seen 
many swollen, fat-laden gitter cells. At various places 
around the periphery of the lesion, capillary and some 
fibroblastic proliferation were evident. At some points 
outside the zone of mesenchymal and fibroblastie¢ pro- 
liferation accumulations of swollen, pale astrocytes 
were seen. 

In the other monkey, where the electrode had been 
in place for 71 days, a similar lesion (extending uni- 
laterally for about 8 mm. from the electrode track) 
was seen in the corpus callosum. Although other elec- 
trodes had traversed the corpus callosum and the 
anterior commissure in this and other studies, no other 
instances of this type of lesion were seen. However, 
Foley, in a personal communication to Manuelidis, 
has reported similar findings in one human patient. 

The pathogenesis of these lesions is difficult to 
establish. They are obviously different from the 
lesions seen after mechanical interruption of nerve 
fibers as they extend on only one side of the electrode 
track, whereas we would expect degeneration due to 
interruption of fibers in a commissural area to appear 
bilaterally. We have no evidence that the lesions 
were due to faulty operative technique or to agents 
other than the electrode. The tissue reaction is not 
that found in the presence of a bacterial abcess. 

It is known that edema may cause necrosis of the 
tissue, especially when the edema fluid has a high 
protein content (Jacob 1940). However, the unilateral 
distribution of the lesion again makes this explanation 
unlikely in the present case. Furthermore, the amount 
of edema reported in chronically implanted electrodes 
(Collias and Manuelidis, in press) is moderate. 

Although no thrombosed vessels were found in the 
neighborhood of these lesions, it is conceivable that 
occlusion of a vessel could have caused the degenera- 
tion. 

In evaluating these lesions, we should emphasize 
the fact that they are apparently rare, and that, at 
least in our monkeys, they were accompanied by no 
obvious behavioral changes. However, the possibility 
of encountering lesions (apparently due to the pre- 
sence of electrodes) which are greater than the ‘‘ min- 
imal’’ lesions generally reported in the literature, 
should be borne in mind by those using implanted 
electrodes in both human and animal studies. 


The writer wishes to express his warm apprecia- 
tion for the help and suggestions given by Dr. J. M. R. 
Delgado of the Department of Physiology, and Dr. 
E. E. Manuelidis of the Department of Pathology, of 
the Yale University School of Medicine. 
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TREMOR AND STRETCH REFLEXES 
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The apparatus described in this note was develop- 
ed in the course of an investigation into the physiology 
of finger tremor. Particular interest was directed 
towards its frequency components, and the output 
was designed for feeding into an automatic frequency 
analyser of the sort used in electroencephalographie 
work. Of previous methods used in recording tremor, 
mechanical systems such as light-weight levers (Bloch 
and Busquet 1904) and tambours (Pelnar 1913) are 
unsatisfactory on account of the small amount of 
power available from the finger and because of 
obtrusive resonant properties. It was thought desirable 
to be able to record the displacement of the moving 
part and not simply its velocity or the force it may 
exert on an external object, and this seemed to 
exclude most electrical devices such as electromagnetic 


The optical system 

The finger or other limb is placed so as to partly 
obstruct a beam of light shining on a vertical slit, 
in front of a convex lens and photo-electric cell (fig. 
2). A linear relationship between the angular position 
of the finger and the cell output is obtained by ar- 
ranging that the light beam is parallel, uniform and 
of constant intensity. Tolerance for side-to-side move- 
ments of the finger follows from the parallel arrange- 
ment of the light falling on the finger. The light is 
supplied by a tungsten-strip filament lamp, fed from 
large accumulators to provide a ripple-free source. 

The top of the finger shadow is arranged to fall 
about half-way down the vertical slit. The bottom of 
the shadow must, of course, always be well beyond 
the bottom of the slit. To record larger movements, 
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Fig. 1 
General arrangement of the apparatus. 


detectors (Jasper and Andrews -1938; Newman and 
Friedlander 1950) and strain gauges (Tuttle et al. 
1951), as the former usually record velocity and the 
latter isometric force. Some simple optical magnifying 
systems (Mehrtens and Pouppirt 1928; Beall 1925) 
were abandoned because of their insufficient tolerance 
for lateral movement or up and down movements. A 
photo-electriec system with output fed to either moving- 
coil pen or oscilloscope was finally adopted. A time 
constant of a few seconds allowed accurate recording 
down to low frequencies, while preventing long sec- 
tions of record being off-scale when sensitivity was 
high. It was also found useful to be able to intro- 
duce one or two stages of differentiation in order that 
finger velocity or acceleration could be recorded. The 
general arrangement is shown in figure 1. 


e.g. of the forearm, a longer slit can be used, this 
being incorporated in another black sereen, which 
ean easily and quickly be slid into the grooves in 
the front of the photo-cell housing. For finger tremor 
the forearm is supported with the palm of the hand 
resting on a sponge-rubber pad (fig. 2). An alter- 
native shoulder-and-arm rest is provided for record- 
ing forearm movements, so that the limb is free from 
just above the elbow distally. 

The whole assembly, including the lamp housing, 
the photo-cell housing and the arm rest, is mounted 
on legs cast in a soft conerete block, which insulates 
it from any extraneous vibrations. For purposes of 
calibration an elliptical dise is revolved in the beam 
of light so that the shadow of its edge moves up and 
down the slit in simple harmonic motion. Two such 
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dises are used, one with a 1 mm. ‘‘throw’’( ampli- 
tude) for the smaller slit and one with a 5 mm. 
‘‘throw’’ for the larger one. They are mounted on 
ball-bearings on a separate pillar set into the concrete 
block, and revolved by hand. Calibrated in this way, 
output from the whole length of each slit remains 
constant within + 5 per cent. 


The photo-cell and pre-amplifier 

The output from the photo-cell (V1) is fed 
through a eathode- follower (V2) to a one-stage pre- 
amplifier (V3) connected as a see-saw (fig. 3). To 
obtain good linearity from the photo-cell, which is of 
the transparent cathode vacuum type (Cintel Type 
VTA), the cathode follower is used in a circuit 
designed to reduce the voltage variation across the 
cell both during signal swings and at different stand- 


and may need occasional readjustment for a drop in 
the voltage of the batteries. 

As the leads from the anode of the photo-cell to 
the 10 M. resistance and the grid-stoppers are at high 
impedance to earth, it is important that they be kept 
as short as possible and spaced from the chassis. The 
H.F. loss remaining has been compensated for by the 
correction network introduced into the anode-to-grid 
feedback resistors. This reduces feedback at H.F., 
thus allowing a greater overall gain of these com- 
ponents to offset the losses due to stray capacitance. 
The values for the capacitor and resistor were deter- 
mined empirically by feeding in a square wave signal, 
examining the output on an oscilloscope and adjusting 
for the shortest rise time without overshoot. 

The output from the pre-amplifier is fed through 
separate capacitor couplings both to a three-stage D.C. 


Fig. 2 
The recording beam and photocell. 


ing illuminations. Three 30-V. hearing aid batteries 
supply 90 V. to the photo-cell, and are also used to 
make the output D.C. level negative, to fit in with 
the bias requirements of the see-saw (V3). The 
0.05 uF capacitor forms an H.F. shunt across the bat- 
tery. The cathode follower (V2) provides a_ low- 
impedance output from the photo-cell and thus pre- 
vents H.F. loss in the long screened cable leading 
from the photo-cell to the pre-amplifier. 

The pre-amplifier consists of a high-gain pentode 
(6AM6). Heavy anode-to-grid-feedback ensures good 
linearity over the wide range of D.C. signal levels 
produced by the finger trembling in front of different 
parts of the slit, and reduces the gain, and therefore 
the distortion, by a factor of 50. A 1 V. square-wave 
input gives less than 1 per cent amplitude distortion 
over a range of output levels from 30 to 230 V. which 
is more than double the normal working range. Mean 
D.C. level can be preset by the 50K potentiometer 
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amplifier (see fig. 1) and to the double differentiating 
circuit shown in figure 4. The former gives an output 
representing the ‘‘position’’ of the part, while the 
latter, which is fed through a second D.C. amplifier 
represents either the ‘‘velocity’’ or ‘‘acceleration’’ 
of movement according to whether one or two stages 
of differentiation are employed. 

As the pre-amplifier is concentrated into a single 
stage, the time constant (and therefore the low fre- 
quency response) of the ‘‘position’’ output is deter- 
mined solely by the CR network coupling the pre-am- 
plifier with the D.C. amplifier. A choice of three 
capacitances allows a series of alternative time-con- 
stants (0.8, 4 and 8 see.) to be obtained without 
altering the gain. 


Recording velocity and acceleration 


The differentiating circuit is of the cathode- 
follower type (Gray 1948), the current through a 


048 


triode being used to charge a capacitor in the cathode 
of the valve. The current (and therefore, with re- 
versed sign, the anode voltage) is proportional to the 
rate of change of voltage on the grid. By incorporating 
a pentode as a constant current device in parallel 
with the capacitor, the latter can be either charged 
or discharged and the system can be made to read 
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the same can be chosen arbitrarily by switching in 
the appropriate value of capacitor in the cathode. 
With the three alternatives (0.1, 0.05 and 0.01 uF) 
output is equal to input at frequencies of 50, 100 and 
500 ¢/see. respectively. 

It can be shown (Gray 1948) that the avoidance 
of distortion depends on a small anode load, a valve 
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Vig. 3 
The pre-amplifier. 


both positive and negative-going signals. Two such 
stages are used with capacitor coupling, the output 
from the first representing velocity and from the 
second, acceleration (fig. 4). 

The frequency at which the amplitudes of input 


(position) and output (velocity or acceleration) are 


with a low plate resistance and a high amplification 
factor and a small value for the differentiating 
capacitance. The apparatus was tested for non-linear- 
ity by means of a sine-wave generator. As the ampli- 
tude of the second derivative increases with the square 
of the frequency, there is a definite limit to the 
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The double differentiator. 
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higher frequency response for a given input signal and 
a particular choice of capacitance. In practice the 
apparatus will differentiate faithfully up to 100 ¢/see. 
with the 0.1 uF capacitor, 400 c/sec. with 0.05 ywF 
and 800 ¢/sec. with 0.01 uF provided that the input 
on the first stage of the pre-amplifier is limited to 1 
volt A.C. With the last two capacitors there is 10 
per cent loss in amplitude respectively at 500 ¢/sece. 
and 1000 c/sec. There is a real need for the larger 
capacitance as, although the higher limit of response 
is greatly reduced, the noise-to-signal ratio is cor- 
respondingly diminished, and much smaller accelera- 
tions can be measured, provided that they are of suf- 
ficient duration. The 0.002 uF capacitor across the 
‘‘aeceleration’’ output acts as a high frequency by- 
pass and improves the signal-to-noise ratio. 

Alternative coupling capacitors between the dif- 
ferentiating stages, together with those from pre- 
amplifier and to the D.C. amplifier, give a choice of 
time constants ranging from 4 to 0.5 see. for the 
‘‘velocity’’ output and 2.7 to 0.4 see. for ‘‘accelera- 
tion’’. 

The apparatus is completed by the two D.C. am- 
plifiers, which drive an oscilloscope display and record- 
ing pens. 


The recording of stretch reflexes 


It was of interest to measure changes in the 
response to a given stretch stimulus in relation to 
tremor levels, and a method of giving standard stimuli 
was developed, which may be of interest to other 
workers. 

The clinical method of assessing stretch reflex 
activity is by tapping the tendon of a muscle with 
a ‘tendon hammer’’ and noting the briskness of the 
muscular response. This gives only an approximate 
answer and this method cannot easily be adopted in 
the case of the muscles acting on the finger. Instead, 
the external tension (or rather moment) acting on the 
finger was suddenly increased by a known value and 


the resulting angular finger acceleration was recorded 
together with the later acceleration produced by the 
reflex muscular contraction. (This was one reason 
for the double differentiating circuit described above.) 
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Fig. 5 

Arrangement for ‘siieiaenaae standard stretch stimuli. 

Two lengths of light-weight elastic, each 1 metre 
long, are attached to a loop around the finger, one 
vertically upwards, the other vertically downwards 
(fig. 5). The tension in each is determined by measur- 
ing the distance apart of two marks on the elastic. 
It can be arranged that the tension in the lower 
elastic is slightly greater, thus giving a resultant slight 


Fig. 6 
Oscilloscope recording of a stretch stimulus to the right index finger with the reflex 
response recorded electromyographically from extensor indicis (surface electrodes). 
Finger suspended with 250 g. tension on upper and lower elastic. At stimulus the 


upper elastic is released giving a sudden 
With the gains used, which were chosen 


increased tension downwards of 250 g. 
to show the reflex response, the initial 


downward displacement and acceleration of the finger are off-scale. Time in 10, 20 


and 100 msec. 
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downward tension. The upper elastic is joined to the 
finger loop by means of phosphor-bronze wire which 
can be rapidly fused electrically, the instant of fusion 
being recorded. As the initial downward acceleration 
due to the known increase in moment is measurable, 
the muscular moments causing succeeding upward 
accelerations may simply be read off the record. A 
black paper hood covers the fuse-wire (not shown 
in figure 5) and prevents the flash from being re- 
gistered by the photo-cell. 

Figure 6 shows a specimen recording of a stretch 
reflex in the long extensors of the finger, recorded 
electromyographically, with the accompanying dis- 
placement and acceleration records. 


SUMMARY 


An inertialess system of recording human tremor 
is described in which the part of the body under 
investigation (usually the finger or forearm) is so 
placed as to interrupt a parallel beam of light. The 
shadow falls across a slit in front of a photo-cell. The 
output, representing the angular position of the part, 
is amplified and fed to a pen recorder or oscilloscope. 
A simultaneous record of either the first or second 
derivative of the output, representing the angular 
velocity or acceleration, is obtained by electronic 
means. 

A method for studying human stretch reflexes is 
described in which both stimulus and response can 
be measured. The tension on a part of the body is 
suddenly increased or decreased, and the resulting 
acceleration is recorded. 


It is a pleasure to acknowledge our indebtedness 
to Mr. E. E. Treadwell, Mr. V. Hughes and Mr. G. 
Stewart for their assistance in the design of the 
apparatus. Our thanks are also due to Dr. E. A. Car- 
michael for his interest and encouragement. 

One of the authors (J. W. T. R.) wishes to thank 
the Scientific Adviser to the Army Council for per- 
mission to publish. 
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A CONSTANT CURRENT APPARATUS FOR THE PRODUCTION 
OF ELECTROLYTIC LESIONS 1 


Davip G. FLEMING, Ph.D. 
Department of Physiology, University of Kansas, Lawrence, Kan. 


(Received for publication: February 7, 1957) 


Since the development of the first stereotaxic 
device by Horsley and Clarke (1908) it has become 
possible to either stimulate or ablate subcortical neural 
structures without causing extensive injury to sur- 
rounding or overlying areas. Many techniques have 
been employed to produce neurological lesions in- 
eluding chemonecrosis with zine chloride and other 
denaturants, mechanical destruction with rotating 
knife blades, electrolysis with direct or radio-frequency 
currents, ultrasonic vibrations, and radiation necrosis 
with either implanted radon seeds or neutron beams. 
An excellent discussion of these techniques may be 
found in Carpenter and Whittier (1952). According 
to these authors, the method of choice with exper- 
imental animals, is the use of direct current with the 
anode electrode in the tissue to be fulgurated and the 
cathode at some remote point. Lesions of pre-deter- 
mined size may be obtained if the coagulating current 
is under 5 Ma and is not sustained for over 30 see. 
Duration is a critical factor, however, since doubling 
the time interval from 15 to 30 see. will increase 
lesion size by a factor of 3 or 4. A search of the 
literature has revealed that although frequent ref- 
erence is made to the use of electrocoagulation in 
experimental neurology the actual apparatus employed 
is not described. 

The production of carefully controlled electrolytic 
lesions of the brain requires a source of direct current 
which must meet the following requirements: (1) Its 
design should be of the constant current type so the 
current does not vary despite changes in tissue resist- 
ance and electrode polarization. (2) It should be 
stable with regard to changes in line voltage. (3) Its 
duration and strength should be accurately control- 
lable. (4) In addition, some attempt should be made 
to minimize convulsive responses in the animal by 
providing a means for gradually, but automatically, 
increasing the current strength from zero to maximum. 

A simple means of obtaining a constant current 
is to place the lesion electrodes in series with the 
plate load resistor of a pentode tube (Newman 1946; 
Woodbury et al. 1949; Atree 1950). Since the plate 
resistance of a pentode is quite high compared to 
that of brain tissue, the tube acts as a source of 
constant current. The plate current may be varied 


1 This research was supported by National Science 
Foundation grant G2843 and W.S. Public Health grant B-716. 


by changing either the control grid or screen grid 
voltages. 

The particular instrument described and in use 
in the author’s laboratory employs a 6AU6 as the 
control tube. As indicated in figure 2, the resistance 
at which the constant current effect is lost depends 
on the strength of the current itself. For example, 
a 5 per cent drop occurs at 320,000 ohms for 1.0 Ma, 
and at 70,000 ohms for 5 Ma. The instrument was 
designed to produce a maximum of 10 Ma. If a 
wider current range is desired, it may be achieved 
by placing a second 6AU6 in parallel with the first. 
The power supply has sufficient reserve capacity to 
handle the additional load. The circuit is grounded 
to the chassis at no point. Therefore either output 
terminal or the animal itself may be connected to 
ground. 

As indicated in the circuit diagram, current ¢on- 
trol is achieved by varying the control grid bias. 
Sereen grid voltage is kept constant at 150 V. by an 
OA2 regulator tube. A maximum of — 8.9 V. grid 
bias is obtained by rectifying the filament supply. 
This method of biasing was chosen to keep the grid 
voltage independent of tube current. Normally the 
tube is non-conducting sinee the bias value is at 
least — 7.0 V. Activation of the lesion relay by the 
timer or the panel switch reduces the grid voltage 
to a predetermined value by short-circuiting R,, in 
the bias bleeder string of resistors. The amplitude of 
plate current then becomes a function of the setting 
of potentiometer R, and may be varied from 0 to 
10 Ma. R, limits the maximum plate current to 
protect both the 6AU6 and the meter from overload. 


A unique feature is the RC combination of R, 
and ©,. These are the cireuit elements which permit 
the gradual rise and deeay of lesion current. When 
the lesion circuit is activated, the rate of fall of 
grid bias is determined by the time taken to dis- 
charge C, through potentiometer R,. As indicated 
in figure 3, the current rise time can be varied con- 
tinuously from zero to a maximum of 10 sec. (90 per 
cent point). Since S, is located on the rear of the 
delay control potentiometer R,, setting R; at zero 
will remove C, from the circuit completely. When the 
lesion circuit is deactivated, the rate of current decay 
is determined by the charging time of C, through Rg. 
The current rise and deeay control (delay) and the 
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eurrent strength control are non-interacting, therefore 
changing the setting of one does not affect the other. 

The ‘‘function’’ switch S;, has two positions. In 
the ‘‘calibrate’’ position it isolates the output ter- 
the plate cireuit and substitutes a 
6800 ohm resistor R, A third contact, in parallel 
with the relay contact, shorts R,, allowing plate 
eurrent to flow. This permits exact presetting of the 


minals from 
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Either the resistors designated in the circuit diagram 
may be wound or purchased, or a simple 0-10 Ma. 
meter may be substituted which would provide just 
one range but would eliminate the need for special 
shunt resistors. 

The lesion current switch S; energizes a relay 
which allows plate current to flow. In addition any 
external source of 115 V. a.c. can also be employed. 
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%, 500 ohm 10 watt on 40 Mfd., 500 V. electrolytic 
R, 100 ohm % watt c. 50 Mfd., 50 V. electrolytic 
R, 2,000 ohm 10 watt C, 5. Mfd., 200 V paper 
R,* 25.0 ohm 1% prec. qT, 700 Volts C.T. @ 55 Ma. 
Chicago PCR-55 
R.* 11.1 ohm 1% prec. M, 0-1 Ma. Triplett 420-PL 
R,* 48.0 ohm 1% prec. D, IN34G Germanium diode 
R. 6800 ohm 1 watt Ss, SPST power switch 


R, 500,000 ohm potentiometer 
ohmite CV 5041 


R, 22,000 ohm 1% prec. 

R,, 250,000 ohm potentiometer 
ohmite CA 2541 

R,, 1.0 meg ohm 


lesion current control. In the ‘‘operate’’ position, the 
output terminals are connected to the 6AU6 plate 
circuit and the ‘‘short’’ across R,, is removed. 

The meter in the plate circuit is a basic 52 ohm, 
0-1 Ma. meter (Triplett model 420-PL) to which 
two additional ranges have been added. This pro- 
vides 0-1, 0-5, and 0-10 Ma. full scale meter ranges. 


* Available from Dale Products Inc. 


3PST meter mult. switch 
3PDT function switch 


SPST switch on R, 


S. DPDT lesion switch 

Rel, SPST 115 Volt A C relay 
F, 1A fuse 

Timer Gray Lab 165 


This arrangement was adopted to permit the use of 
any darkroom or laboratory timer which would pro- 
vide a source of line voltage. A Gray Lab. model 
165 timer fulfills this function admirably. A simple 
modification of the timer’s circuit to permit the 
use of a foot switch is the only alteration necessary. 
If automatic timer control is not deemed essential, 
the relay and S; may be replaced by a single pole- 
single throw spring-return switch. 
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It is recommended that a constant voltage line 
transformer be employed with this unit since the 
control grid supply is unregulated. The circuit, how- 
ever, tends to be self-compensatory since changes in 
line voltage which would alter plate current by in- 
creasing plate and filament voltages are opposed 
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Fig. 2 
The effect of lesion current strength on the constant current 


point (95%). Currents were pre-set at 0.5, 1.0, 2.0, 5.0, 
and 10.0 Ma. 


SUMMARY 


An instrument has been described which provides 
a relatively constant source of current for electro- 
lytic lesions. The current may be continuously and 
accurately varied. Provisions have been made for the 
use of automatic timers as well as for gradual in- 
creases in lesion current. It is simple to use, easily 
calibrated, and in conjuction with a constant-voltage 
line transformer, stable in performance. 


Typical Current Rise ond Decay Patterns 


—it 


Fig. 3 


Typical current rise and decay patterns with the delay 
control set at the following points: 

A. Zero delay (S,) open 

B. Control at intermediate setting 

C. Longest rise and decay time 


Fig. 4 
Photograph of instrument with timer and foot switch. Cabinet is 14 x 8 x 8 inches. 


by grid voltage changes which work in the opposite 
direction. At 5.0 Ma. current, a line voltage change 
of + 5 per cent will cause a variation in lesion 
current of + 2 per cent. Unfortunately at lower 
currents the regulation is proportionately poorer. 
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This system was developed so that curarized 
animals could be artificially respired at varying 
rates of respiration with compressed air or different 
concentrations of compressed carbon dioxide/oxygen 
mixtures, 


correct volume of gas to reach the animal for arti- 
ficial respiration. The gas is then fed through a 
solenoid controlled magnetic valve into one limb of 
a U-tube containing mercury which absorbs the sudden 
release of gas from the magnetic valve, and finally 
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Fig. 
Schematic drawing of respiratory system. E 
valve connection. Y: Relay connection. 


1 
: Earth connection to relay. X: Solenoid 
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Electronic circuit controlling respiratory system. T,: 300/300V. 100 mA. power 


transformer. T,: 
2A. R,: Timing resistors in range 0.5 to 
12 X 1 X 1 oak switches. X: Solenoid 
E: Earth connection. Relay: Arrow 240 V. 


The system consists essentially of two parts: 
1. Air from a small compressor was reduced to a 
pressure of 10 lbs/sq. in. via a reducer valve, and 


passed through a needle valve adjusted to allow the 


1 Supported by a research grant from the National Health 
and Medical Research Council. 


240/18V. 2A. transformer. 


R: B84/1/1L selenium rectifier 18V. 
200 mA. fuse. §S,, S,: 
Y: Relay connection. 


2 megohm. F: 
valve connection. 
AC. DP. DT. 


to a Y-tube, one end connected to the animal via a 
tracheal cannula. Control of expiration is secured 
through an additional solenoid valve (fig. 1) con- 
structed from a relay controlling a plunger. This 
plunger closes the open limb of the Y-tube when 
the animal is being inspired and opens it when the 
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animal expires. The mercury in the U-tube has a 
layer of paraffin oil on its surface to prevent any 
contamination of the gases with mercury vapour, and 
on the other end of the U-tube, a funnel covered 
with several layers of gauze is secured, to prevent 
the mercury spilling out of the tube in case of a 
block in the system. 

2. The electronic circuitry (fig. 2) consists of 
a conventional 100 mA power supply, supplying two 
valves, type 807, in a multivibrator circuit (Chance 
et al. 1949). One 807 has a 240 V. A.C. change- 
over relay coil in its plate circuit, which, in series 
with a 4K, 20 watt resistor, forms the plate load. The 
grids of the 807’s are returned to the H. T. + line 
through the timing resistors (RE), which, in con- 
junction with the 2 mfd timing capacitors, control 
the on- and off-periods and with suitable adjustment 
of S, and S,, the total duration of the respiratory 
cycle. The timing resistors vary in value from 0.5 
to 2.0 megohms enabling a wide range of respiratory 
eyeles to be obtained at rates from 5 to 25 per min. 


re 


The gas control valves are energised from an 
18 V. D.C. source, via the relay contacts. The D.C. 
supply consists of an 18 V. 2 A. transformer and 
a selenium rectifier (STC type B84/1/1L). The 
magnetic valve solenoid requires 18 V. at 1.2 A.,, 
and the outlet relay 18 V. at 0.6 A. A 230 V. 
% watt neon is connected between the plates of the 
807’s and gives a visual indication of both rate of 
eyeling and the relative lengths of inspiration and 
expiration. The entire system is enclosed in a sheet 
metal box to prevent transients from the circuit 
entering any recording system used. 


The change from air to carbon dioxide/oxygen 
mixtures can be accomplished quite simply by closing 
the reducer valve controlling the pressure of the 
compressed carbon dioxide to the pressure required, 
for example, 10 Ibs./s9. in. 
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1. Electromyography during the recovery of peri- 
pheral paralysis. — P. C. Boone, Utrecht. 

In 1500 patients with disorders of the peripheral 
neurone owing to traumata and various illnesses, we 
followed the reinnervation by clinical and electro- 
myographic examination. 

The phenomenon of neuro praxia, the refunction of 
temporarily eliminated motorunits, was not seen one 
single time. 

In all cases where the paralysis was cured in a 
few weeks, we found a partial denervation. 

Further we found within the first week after the 
paralysis had set in that the actionpotential of a 
motorunit remaining intact is surrounded by a large 
number of actionpotentials of fibrillations during 
innervation. 

This phenomenon, which to our knowledge has 
not been described before, does not consist of a spon- 
taneous fibrillary activity. 

In the next few weeks reinnervation actionpoten- 
tials appear. This can be explained by sprouting from 
the still intact nerve fibres (Wohlfart). Several 
observations point to the existence of such a reinnerva- 
tion. 

For instanee, patients who had a total facial 
paralysis often showed a reinnervation from the facial 
nerve of the opposite side. 

We also observed phenomena which may be ex- 
plained by a reinnervation from branches of the motor 
trigeminal nerve. 

The fasciculations are considered to be also a 
phenomenon of reinnervation. 


2. Clinical type of seizures associated with rhythmic 
bilateral wave-and-spikes. Observations in 78 
cases. — A. STRACKEE-KUIJER, Heemstede. 


Some authors state that when in the EEG a 
paroxysm of bilateral synchronous wave-and-spikes 
occurs, the seizure can be of various types, i.e. it is 
not always one of the petit mal type. 

Out of a consecutive series of 1424 EEG’s of 
patients suffering from seizures, 78 showed during 
recording a ¢clinical seizure coinciding with bilateral 
synchronous wave-and-spikes; 55 showed the typical 
form with frequencies of 244-3% per sec., 8 with 
slower and 13 with more rapid frequencies. All but 2 
of these patients habitually had _ seizures of 
centrencephaliec type. 

The 2 exceptions had seizures of a more or less 
foeal character, but not of Jacksonian type. During 
the recording they had petit mal seizures. The EEG 
did not show foeal signs. 

During the discharge all but one case showed 
petit mal seizures. 


Only one patient had jerks, which were more 
evident on one side, while the EEG did not contain 
focal signs. Habitually he had primarily generalized 
seizures. 

Apart from these cases one patient was observed 
who had, in the previous history and during the ob- 
served discharge, a focal seizure with a visual aura; 
the EEG showed beside the bilateral synchronous 
wave-and-spike discharge a focal discharge at the 
right occipital lobe. 


3. The relation of the spike-and-wave complex 
and the psychological condition provoking it. 
— H. HERNGREEN, Amsterdam. 

The aim of this investigation is to establish 
whether there is a relation between the psychical con- 
dition and the appearance of a bilaterally synchronous 
spike-and-wave discharge (214-5 sec.) in various test 
persons who showed this phenomenon spontaneously 
after closing the eyes or during hyperventilation. 

Use was made of a test described in 1948 by A. 
Busemann, which consists of naming for 10 min. as 
many visually observable objects as possible. The 
modification described by Busemann, namely, of per- 
forming the test with closed eyes, was adopted for 
the reported tests. After the performance of the test 
the words that were followed immediately or within 
3 see. by a spike-and-wave discharge were given to 
the patient with the instruction to say what associa- 
tions they provoked in his mind. Following this the 
significance of the objects named in the life history 
of the patient was-sought for in conversation. The 
psychogalvanie reflex was registered with the EEG 
during the whole investigation. Words and conver- 
sation were recorded on a dise recorder. 

Forty patients of whom 19 showed one or more 
spike-and-wave discharges during the Busemann test 
were investigated. Of these 19, one example has been 
thoroughly discussed. It is demonstrated that the 
objects indicated by the test-word which is followed 
by a spike-and-wave discharge is related to happenings 
in the life history and would by its strongly emotion- 
provoking quality disturb the test if it were allowed 
to penetrate the patients consciousness. 

In the discussion it is pointed out that these 
findings link up with the arrest reactions in the 
stimulated animal as deseribed by J. Hunter and H. 
Jasper (1949) and are in agreement with the observa- 
tions of Higgins et al. (1949) and Barker et al. 
(1949). 


4. Iso-ohms and relation-lines in the electrocortico- 
gram. — J. P. ScHap£é, Amsterdam. 
As part of basal electro-stimulography, the in- 
fluence of anaesthetics on the electrical pattern of 
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the brain rats was examined. At the same time we 
made the electrocorticogram, we measured on the other 
hemisphere the resistance of the cortex with an al- 
ternating current bridge at a fixed frequency of 
1000 e/see. We applied electrodes to the brain, which 
consisted of silver discs, and which rested on the 
cortex. The measuring potential was about 5 mV. 
Statistical analysis showed in the normal ECG 
a simple mathematical relationship between the number 
of vibrations per second and their amplitude: log 
Hz + log A = constant. In a log Hz versus log A 
graph we constructed a line connecting the points 
related to the different rhythms of the ECG. This 
Jine, we termed an iso-ohm. The principal char- 


acteristic of an iso-ohm is, that all the rhythms which 
are represented by points on this line are accompanied 
by an equal resistance of the cortex. (The resistance 
was under these experimental conditions 630 ohm.) 
Rhythms, which are represented by points on a rela- 
tion-line have the same ratio. 

The changes in the ECG were identical for prac- 
tically ail anesthetics used. In deep anaesthesia we 
found a resistance of about 715 ohm. The changes 
in the electrical pattern of the brain were plotted in a 
logarithmic Hz-amplitudograph and proved to be 
bound by simple rules. Comparison of a number of 
clinical data with our results in animal experiments 
led to a uniform mode of explanation. 


SOCIETE D’ELECTROENCEPHALOGRAPHIE ET DES SCIENCES 
CONNEXES DE LANGUE FRANCAISE 
Paris, 1 et 2 Mai 1957 
Secretary: M. B. DELL 


9, rue Jasmin, Paris XVIéme, France 


1. The guinea pig in experimental electroenceph- 
alography. (Study of the electrical activity of 
the brain in 300 animals). — R. GownseTTE, 
Louvain. 

The author has at the present time performed 300 
recordings of the electrical activity of the brain in the 
guinea pig. It is, therefore, of interest to give a 
summary of the observations made in these recordings 
and to give a critical appraisal of the value of this 
animal for experimental electroencephalography. 

A technique was developed which allowed to record 
the activity without any artifact, regardless of what- 
ever experimental technique the animal was subjected 
to. The records were taken from the skull, the 
meninges or from the cortex itself. 

The normal electrical activity is described, as well 
as its changes due to different factors which can 
occur during the course of an experiment. The in- 
fluence of the following factors was studied: arousal 
of the animal, cortical trauma, application of inert 
substances, brain oedema, interventions upon the 
carotid artery, anoxemia, permeability changes of the 
cerebral blood vessels, ete. Consideration was also 
given to the problem of reflex epilepsy which was 
described in the guinea pig by Brown-Sequard. 

This experimental work was carried out when an 
electroencephalographic test was devised to study the 
permeability changes of cerebral blood vessels under 
the influence of penicillin, as has been published be- 
fore. The study is also part of an investigation of 
the cerebral commissures and of their role in trans- 
mitting nervous impulses from one hemisphere to the 
other. 

The author concludes that the guinea pig is a 
suitable animal for the study of the electrical activity 
of the brain and of its modification during different 
experimental clinical and physiological conditions. 


2. Physiopathological conditions underlying the 
diagnosis of myasthenia with Jolly’s Test. — 
J. E. DesmMepT, Brussels. 
Jolly described in 1895 a particular mode of 
reaction of myasthenic muscles when the supplying 


nerve was stimulated faradically from the motor 
point. While the contractile response was well sus- 
tained during a brief tetanization, it became pro- 
gressingly weak when stimulation was prolonged for 
a period of about 1 minute. This demonstration of 
faradic fatiguability, which is similar to fatigue con- 
secutive to voluntary contraction, suggested for the 
first time the peripheral localization of the dis- 
turbance of Erb-Goldflam’s disease, which Jolly for 
this reason called ‘‘myasthenia’’. 


Jolly’s test has been used with variable success 
by different authors in patients suffering from myas- 
thenia. Some were able to confirm Jolly ’s observations 
whereas others were not able to demonstrate this type 
of reaction in muscles which clinically were however 
typically myasthenic (see Keschner and Strauss 1927). 
Many contradictions and uncertainties in the literature 
doubtless by result from the lack of precise definition 
of the technical conditions under which the test 
should be carried out and especially from the utiliza- 
tion of infra-maximal] stimuli of uncertain frequency. 
Within the framework of a complete study of the 
physiopathology of myasthenia the author investigated 
in a series of patients the electrogram and the iso- 
metric myogram of the adductor pollicis muscle during 
repeated application of supramaximal faradizations 
of the cubital nerve. 


A striking observation was made to the effect 
that responses thus recorded could remain steady or 
even paradoxically improve for successive tetaniza- 
tions of 1 see. duration at a frequency of 20-50 ¢/sec., 
repeated at intervals of 1 sec. This phenomenon was 
observed in several patients suffering from a mod- 
erately severe form of myasthenia in which the ad- 
ductor muscle showed a clear depression of the re- 
sponse to single shocks repeated at a slow frequency 
(e.g. at 3 c/sec.). It can, moreover, also be observed 
in the ergogram recorded with the Mosso apparatus, 
at the beginning of a series of voluntary contractions. 
The author believes that the paradoxical phenomenon 
described results from the fact that each faradization 
falls within the phase of ‘‘ post-tetanice decurarisation’’ 
consecutive to the preceding faradization (see Desmedt 
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1957, Nature, 179, 156). In these patients, Jolly’s 
test therefore gives a negative result although the 
muscle under study is certainly myasthenic. However, 
if after such a series of 20 faradizations at 50 ¢/sec., 
one allows e.g. an interval of rest of more than one 
min. duration to elapse, the phase of post-tetanic 
decurarisation passes off and one observes a clear 
reduction of the responses to tetanisation at 50 ¢/see. 
This phenomenon of post-tetanic exhaustion is very 
typical for myasthenia and is not observed in ex- 
perimental curarisation (Desmedt 1957). It perhaps 
represents the results of a deficient resynthesis of 
the reserve of preformed acetylcholine in the nerve 
endings, this deficiency being consecutive to the 
depletion produced by the intense activity. 


The demonstration of these phenomena of post- 
tetanic exhaustion in the myasthenic muscle suggests 
that when using Jolly’s test it is important to test 
the neuromuscular function during the minutes follow- 
ing a sequence of repeated faradizations. 


3. A study of the action potentials of the uterine 
muscle during labor. (Electrohysterography). — 
Maurice LACOMME, CLAUDE SUREAU et ANTOINE 
REMOND, Paris. 

The authors studied the rapid action potentials 
of the human uterine muscle during labor. 

An electroencephalograph was used for recording. 
The electrodes were applied to the skin and distri- 
buted over the entirety of the abdominal wall. Records 
were taken in a bi-polar manner. Endo-uterine elec- 
trodes were also used which were introduced through 
the cervical canal and brought into contact with the 
posterior wall of the uterus. Derivations from these 
electrodes were monopolar. 

Continuous recordings were thus obtained in 51 
primiparae during the whole period of dilatation. 
Twenty-four comparative records were obtained in 
women which were not in labor. 

The aspects already described by Levy-Solal were 
confirmed: type A, sinusoidal activity and type B, 
‘“eleectrical inertia’’. 

Further observations were made: 


(1) Variations of the electrical activity during 
labor were observed; especially the possibility of ap- 
pearance of such activity during the influence of 
intra-venous injection of pituitary hormones. 

(2) Topographical variation of this activity. 
The inequality of distribution of the activity may 
even go as far as the existence of local areas of 
silence which were found either in the fundus or in 
the middle segment or even in larger areas comprising 
the entire anterior wall of the uterus. The simul- 
taneous exploration of the anterior uterine wall with 
cutaneous electrodes and of the posterior wall with 
endo-uterine electrodes seems to indicate that a 
certain number of cases which were described as ‘‘ elec- 
trical inertia’’ of the whole uterus are in fact 
localized electrical silences limited to the anterior 
wall while the posterior wall is electrically active. 

(3) The mode of appearance and propagation of 
the activity: it seems that this is variable from one 
contraction to the next. The authors doubt that there 
exists a uterine pace-maker which can be defined 
anatomically. 


Clinical Correlations: 


(1) A large and increasing amplitude, the exist- 
ence of an electrically dominant territory whether in 
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the fundus or in the middle segment are elements of 
a favorable prognosis. 


(2) No electrical sign allows to forecast the oe- 
currence of dystocia. Electrical inertia may signal 
the occurrence of rapid labor as well as of impending 
dynamic dystocia. When the latter subsides under the 
influence of pituitary hormones this goes along in the 
electrogram with appearance of activity or with a 
persistence of the electrical inertia. This paradoxical 
finding can perhaps be explained in eases where there 
is persistence of ‘‘posterior’’ activity which cannot 
be detected with the cutaneous electrodes. 


4. Investigation of the fetal electrocardiography 
during gestation and labor. — Maurice La- 
COMME, CLAUDE SUREAU et ANTOINE RéEMOND, 
Paris. 

The recording of the fetal electrocardiogram had 
already been realized with the aid of electrodes 
applied to the abdominal wall. In this preliminary 
report attention is drawn to possibility offered by the 
use of electrodes introduced into the uterine cavity 
and brought into contact with the fetus. 

The records were taken with an ordinary electro- 
encephalograph. The electrodes were cutaneous or 
endo-uterine, the latter introduced through the cervical 
canal. 

A series of bi-polar cutaneous abdominal and lum- 
bar recordings was systematically studied. The most 
favorable derivations seemed to be the vertical or the 
oblique ones from the fundus to the pubis. The record 
taken with the endo-uterine electrodes were all mono- 
polar. 

Sixty-four tracings were taken, 15 during gesta- 
tion, 49 during labor with continuous recording 
during the whole period of dilatation. 

Fetal electrocardiography appears of only limited 
practical interest during pregnancy. It may only be 
useful in exceptional cases for diagnostic purposes in 
cases in which auscultation is negative. 

On the contrary, however, this method seems to 
be of great interest during labor and allows to follow 
precisely the cardiac rhythm of the fetus and thus 
early detection of complications endangering the life 
of the fetus is rendered possible. For this purpose 
fetal electrocardiography with cutaneous electrodes is 
definitely insufficient since the complexes are small, 
incomplete and for practical purposes cannot be in- 
terpreted. 

The utilization of endo-uterine electrodes allows 
to record high amplitude complexes of precise form 
and, what is most important, the complexes are com- 
plete. The authors demonstrate several examples of 
this. 

Keeping a continuous watch on the cardiac rhythm 
is particularly easy with this method. This allows to 
demonstrate very clearly the persistence of fetal car- 
diae activity during uterine contraction, the rarity of 
slowing of the rhythm during contraction, at least 
during the phase of dilatation, and the usual absence 
of modifications of this rhythm during intra-venous 
injection of posterior pituitary hormones. 


5. The electrocardiogram recorded from the skull 
and the interaction between heart and brain. 
— ANTOINE REMOND, L. JimMéNEZ EsPINOSA and 
V. GABERSEK, Paris. 

The existence of a relationship between the fre- 
quency of the cerebral rhythms and the frequency of 
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the cardiac rhythm has been pointed out by several 
authors. The present study deals with this problem 
and tries to clarify the basis for this relationship. 

Among the various hypotheses put forward to 
explain this relationship the authors retained that of 
the existence of an electro-magnetic interaction be- 
tween the two generators. 

It was attempted to verify the existence or ab- 
sence of a phase relationship between the two elec- 
trical activities and thus to determine whether these 
two activities are synchronized from the skull, which 
would explain their frequency relationship, or are 
merely intermingled. 

Ten adult subjects were chosen which showed a 
normal EEG and a normal EKG. The electrocardio- 
graphic activity was recorded from the arms (D1 
derivation). This activity once amplified was filtered 
in order to serve as a signal for triggering the 
sampling in an integrating topograph giving the 
instantaneous aspect of the electrical activity of the 
brain. 

In the storing system of the integrater 100 to 
200 samples of potentials were accumulated for each 
of the 21 electrodes of the authors’ habitual clectrode 
assembly. The delay between the half-wave ‘‘QR’’ 
of the EKG taken as the beginning of time at each 
cardiac revolution and the sampling of the EEG were 
regulated in a manner allowing that the latter oe- 
curred on the peak of the R wave for a first topo- 
gram, at the peak of the T wave for a second topo- 
gram and in the middle of the T P,interval for a 
third topogram. Potentials recorded from each elee- 
trode at each of the three moments during the eleec- 
trocardiographie cycle were evaluated in relation with 
a stable reference placed in the right anterior temporal 
region. 


Results: 


The relative aspect of these topograms seems -to 
indicate at least for the two first ones R and T that 
there is a simple mixture of the electrical activity 
of the brain and of the heart when recorded from the 
skull: 


(1) The most prominent potentials were recorded 
on the skull at the moment where the potential or 
ardiae origin was of highest amplitude at the peak 
of the R wave. The potential values diminished pro- 
portionally with the amplitude of the T wave. They 
were almost inexistent during the T P period. 


(2) The topograms recorded showed for the two 
first samples a morphology and characteristics of to- 
pograms of cardiac origin. 

The topogram recorded during the TP period, 
similar in certain cases to the configuration of spon- 
taneous electrical activity, raises, however, a problem 
which merits further discussion. 


6. An attempt at an electrographic semeiology of 
gaze. ——- ANTOINE REMOND, N. LEsévre and V. 
GABERSEK, Paris. 

This investigation is a first evaluation of a study 
of the semeiological value of scopograms. The au- 
thors attempted to determine whether it is possible 
to differentiate with sufficient clarity the spatio- 
temporal organization of displacements of gaze during 
reading in order to distinguish normal from patho- 
logical scopograms. 

The electrographic material upon which the study 
is based was obtained in two groups of subjects: 


(1) A group of 30 normal individuals serving as 
a control group. 

(2) A group of 75 subjects hospitalized at the 
neuro-psychiatric service of the Salpétriére. 

The scopograms analyzed for this study were 
recorded in conditions which were entirely identical 
for the two groups. They were recorded during read- 
ing of the same text (‘‘Soir de vendange’’, see pre- 
vious publication). In the analysis of each ease the 
following factors were considered in detail: the 
number of the different movements P, V and R 
occuring in each line; the mean value of these numbers 
for five equal lines in the text which was read; the 
duration of the arrest of movements due to different 
causes; the mean value of these arrests, and finally the 
reading time per line as well as its mean value. Thus 
for each subject an assembly of number was _ ob- 
tained which corresponded to the value of different 
characteristics studied. 


The classification of the individuals was carried 
out first by arranging them according to a seale of 
absolute magnitude for each of these data. They were 
then grouped according to the determined sequences 
in the order in which the movements and arrests 
followed upon each other. Finally the following fac- 
tors were considered only in relation to the mean 
values: the number of progression (numerous, rare), 
that of the verifications (numerous, rare) as well as 
the time per line (rapid, slow). On the basis of this 
evaluation a classification according to 8 typical be- 
haviour types was possible, according to the 8 com- 
binations from the most frequent to the most rare 
between these different values. 


Certain subjects showed exceptional values for 
certain elements or, more frequently, even abnormal 
combinations of these elements. All these subjects 
were afflicted by more or less severe neurological 
disturbances. Among these patients were some suffer- 
ing from aphasia, others from hemianopsia, one with 
dementia precox and one case with sub-delirium. The 
values and combinations of values found in these 
individuals are so much different from those found 
in normal individuals that it is justified to con- 
sider them as pathological. 


7. The quantitative EEG during development of 
Nembutal induced sleep in man. — ZENON 
DROHOCKI, Paris. 

The quantification of the EEG with systematic 
measurements of the integral with the electronic in- 
tegrator of Drohocki (Brevet francais C.N.R.S.) 
allowed to develop a quantitative standard method in 
cerebral pharmacology. This method is based upon 
three facts: (a) each interval of the EEG is char- 
acterized by a number corresponding to its integral; 
(b) the numbers corresponding to successive intervals 
of the action of a drug form a chronogram (integral 
in ordinates, time in abscissae). This chronogram 
gives a synthetic and rapid evaluation of the essential 
characteristics of the observed changes; (c) each in- 
terval of the electrogenesis modified by the action of 
the drug is compared with an objective reference which 
is the constant of electrogenesis, a value characteristic 
for each individual. 

The chronogram of the development of sleep in- 
duced by Nembutal in man shows the following sue- 
cessive phases: (1) initial positive phase: augmenta- 
tion of the electrogenesis more or less marked after 
the 5th min. following the ingestion of the drug, no 
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change in the behaviour of the subject; (2) negative 
phase: diminution of the constant sometimes by as 
much as 80 per cent no somnolence; (3) definitive 
positive phase: augmentation of the constant up to 
200 per cent, with an exponential rise, development 
of sleep; (4) phase of stability relative to the degree 
reached, showing sometimes an assymptotie ascent, 
deep sleep. 


8. Informations given by cerebral electrospectro- 
grams. — ZENON DROHOCKI, Paris. 

In 1938, Drohocki introduced the method of 
electrospectrography, first experimental method of 
frequency analysis of the EEG. In this method the 
electrical activity of the brain is recorded through a 
battery of filters. Instead of a complex curve, one ob- 
tains a spectrum of sinusoidal frequencies. Each iso- 
lated frequency of the EEG is recorded in a continuous 
and direct fashion in the form of qualitative and 
quantitative variations. 

The following examples illustrate the usefulness 
of the filtering procedure as a method to obtain in- 
formations: 

(1) The regular aspect of the spontaneous varia- 
tion of an isolated frequency during wakefulness 
which becomes more regular under the influence of 
excitation. 

(2) Independence of spontaneous variations of 
two isolated frequencies during the same time _ be- 
coming synchronized under the influence of excitation. 

(3) General anesthesia, from the beginning, pro- 
duces activity of high frequency bands (120 ¢/sece.) 
without changing the corresponding activities in low 
frequency bands. 

(4) The evoked response to intermittent photic 
stimulation can always be demonstrated with the 
filtering method even when it is absent in the EEG. 

These informations, like all phenomenological 
variations of isolated frequencies, are not detected in 
the frequency analysis according to G. Walter, who 
several years later (1943) adopted the same principle 
of separation of frequencies. Despite the usefulness 
of continuous and direct filtering the isolated fre- 
quencies of the EEG do not correspond with any 
physiological reality. They merely constitute symbols, 
i.e. informations. 


9. Different modalities of reaction of the central 
and anterior rhythms at 10 c/sec. — G. LELorRD, 
Paris. 

During a study concerning the EEG changes ob- 
served in people watching a cinematographic projec- 
tion, different modalities of reactions of 10 ¢/see. 
rhythms were observed. 

(a) The posterior rhythms (alpha rhythm) are 
much modified during cinematographic projection. 
One observes rather marked diminution of ampli- 
tude or a complete disappearance of these rhythms 
during projection. 

(b) The anterior and central rhythms at 10 
e/sec. (for which various names are used by different 
authors) react according to various modes: 

i. Sometimes they disappear or are attenuated 
similarly to the alpha rhythm during the whole dura- 
tion of the movie. 

ii. In certain cases they reappear only during 
eertain phases (for instances, when human move- 
ments are presented). 


iii. Sometimes they persist during the projection 
and disappear only during these same phases of 
movement. 

iv. Most often the relationships are more com- 
plex and difficult to classify. 

Whatever the reactions may be these modifiea- 
tions all seem to be in relation, at least partially, 
to the reactivity of the tracing in response to opening 
of the eyes (a preliminary classification of these 
different types of reaction can be based upon the 
classification derived from that proposed by Grey 
Walter). 

On the other hand, the morphology of the rhythms 
(anterior alpha, alphoid rhythm, arceau rhythm) seem 
to be independent of the potential reactions. 


10. The motor conditioning during wakefulness and 
during sleep. Electrographic study in normal 
man. — A. RoGer, Marseille, E. N. SoKOLOV 
and L. G. Voronin, Moscow. 

The authors report on the most significant find- 
ings obtained in a polygraphie study of the processes 
of excitation and inhibition which accompany motor 
conditioning in normal man during wakefulness and 
sleep. 

I — The first findings contribute to demonstrate 
the role of the orienting reflex in the activity of 
the conditioned reflexes. A study of the EEG changes 
of the cardiac rhythm and of the psycho-galvanic re- 
action was carried out during elaboration of a motor 
conditioned reflex. The unconditioned stimulus was 
represented by a passive movement of the hand, 
whereas the conditioned stimulus consisted of a light 
stimulation produced by a diffuse lighting of the 
room where the conditioning procedures were carried 
out. The duration of the combinations was 7 se¢., 
the overlapping of the signal stimulus and of the 
absolute stimulus was 3 see. 

Before delivering the first combination, the effect 
of the conditioned and unconditioned stimuli upon 
the EEG and the psycho-galvanic reflex was exhausted 
by repeating them in a separate and completely ran- 
dom fashion until a complete indifference was ob- 
tained. The first combination therefore corresponded 
to a complex stimulation where the action of two 
different stimuli were associated. Under these con- 
ditions two possibilities are present: 

(1) This combination produces no psycho-galvanic 
reaction and no EEG changes. Conditioning in these 
circumstances cannot occur. 

(2) The association light plus passive movements 
of the hand acts as a new stimulus and produces a 
psycho-galvanie reaction and modifications of the 
EEG. The movement assumes the usual significance 
of a non-conditioned stimulus. An _ electro-cortical 
and peripheral conditioning is possible under these 
circumstances. The characteristics of the conditioned 
EEG changes are discussed. 

II — The repetition of the combinations 1s apt 
to produce development of a supraliminal inhibition 
which is characterized by disappearance of the con- 
ditioned responses, the appearance of slow waves in 
the EEG and a slowing of the cardiac rhythm. When 
these modifications are established the combination 
which previously contributed by its repetition to the 
development of this inhibition assumes a new signif- 
icance. During the passive movement of the hand 
there reappears a psycho-galvanic reaction and modi- 
fication of the EEG are observed. These modifica- 
tions are characterized by a transitory reappearance 


of activities characteristic for wakefulness. These can 
be generalized (the reappearance of posterior alpha 
rhythm and of rolandie activities) or they can be 
localized (exclusive reappearance of rolandie activ- 
ities). This ‘‘arousal’’ reaction particularly if it 
does not involve the rolandie territory ean be con- 
ditioned. A motor conditioning was observed in a 
considerable number of patients. 

IIt — In order to verify the possibility of obtain- 
ing conditioned reactions during sleep, 5 ‘‘new’’ sub- 
jects were used in an attempt to produce motor 
conditioning during natural sleep. In these 5 sub- 
jects a combination of light with passive extension of 
the hand, produced a reappearance of rhythms char- 
acteristic for the state of wakefulness. In 3 among 
them this arousal reaction was localized to the rolandie 
zone. In 3 cases a conditioning reaction characterized 
by appearance of a rhythm characteristic for the 
waking state upon presentation of the light (signal 
stimulus) could be demonstrated. This electro-cortical 
conditioning has the same characteristics as that ob- 
tained with the same method in other subjects during 
the waking state. This conditioned electroencephalo- 
graphic reaction can be considered as a precursor of 
peripheral conditioning. 

These findings are discussed in relation with recent 
concepts concerning the neurophysiological mechanisms 
of conditioning. 


11. Recording and stimulation of rhinencephalic 
formations with deep implanted ‘electrodes in 
man. — A. E. WALKER and M. RIBsTEIN, Balti- 
more, U.S.A. 

(1) During wakefulness the rhythms recorded 
from rhinencephalic structures are unspecifie and ean- 
not be differentiated from those of other deep 
structures. 

(2) Electrical stimulations produce _ after-dis- 
charges with thresholds which are lower than for 
other deep structures. Some of these discharges are 
at no time projected to any scalp derivations. The 
electrical attacks thus induced may evolve an isolated 
way or be accompanied by clinical manifestations. It 
is, however, not possible to establish any rules con- 
cerning the relationship between these two types of 
responses. 

(3) Spontaneous epileptic activity ean be record- 
ed in patients suffering from temporal lobe epilepsy. 
In one case isolated spikes and bursts of spikes were 
found in the amygdala. Spontaneous electrographic 
and clinical attacks were observed during which the 
discharge started in the amygdala. The projection 
to the scalp was inconstant. In another patient sponta- 
neous random spikes were recorded from the hippo- 
‘ampus. This case also showed an inconstant projee- 
tion of discharges to the scalp electrodes and it was 
possible to reproduce the attacks with electrical stim- 
ulation. There also were no consistent correlations 
between electrographic and elinical attacks in the 
responses thus obtained vy stimulation. 


12. A comparative study of the EEG and of the 
electrical activity of somatic, respiratory and 
vegetative nerves during experimental convulsive 
seizures. — J. COLLE, J. MASSION, M. MEULDERS 
and J. GyBeExs, Louvain. 

The authors studied in the eat and in the ecurarized 
rabbit the temporal relationship between the electrical 
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activity of the cerebral cortex, somatic nerves (median 
nerve, radial nerve, sciatic nerve), respiratory nerves 
(phrenic nerve and intercostal nerve) and of the 
cervical sympathetic trunk, during convulsive attacks 
provoked by electroshock or by application of penicil- 
lin to the cortex. 


The following relationships were observed: 


(1) The tonic phase of the convulsive attack gives 
origin to an intense and sustained electrical activity 
in the sympathetic nerve and in the somatic nerves. 
The activity is particularly marked in the nerves 
which supply essentially flexor muscles. In the respir- 
atory nerves the activity is feeble in the phrenic nerve, 
but very marked in the expiratory fibers of the inter- 
costal nerve. The duration of the tonic phase is 
approximately the same in the different types of 
nerves. 


(2) The graphic elements of the EEG during the 
experimental convulsive attacks show no close relation- 
ship with the tonic and clonic phase as observed in 
the somatic, respiratory and vegetative nerves. 


(3) During the clonic phase the phrenic nerve 
shows a myoclonic type of reaction similar to those 
observed in somatic nerves. This is superimposed 
upon a rhythmical activity due to impulses originating 
from the respiratory center. The sympathetic nerve 
does not show the short bursts of activity typical for 
the somatic nerves. One observes there, on the con- 
trary, long discharges (0.1 to 2 sec.) which sometimes 
are synchronous with similar discharges in somatic 
nerves. 


13. Electrographic investigations of the mechanisms 
precipitating convulsive activity in the cerebral 
cortex. — E. CriGHEL and V. NESTIANO, Buca- 
rest. 


These investigations were performed in normal 
eats and in ‘‘ecerveau isolé’’ preparations. The sei- 
zures were provoked by intraperitoneal injection of 
Cardiazol and intravenous injection of cafeine. The 
study of the preparoxysmal reactivity showed that two 
modalities of appearance of convulsive activity have to 
be distinguished: 


(a) The loss of ability to follow the rhythm of 
intermittent photic stimulation with tachyrhythmia or 
electrical depression and sudden or progressive appear- 
ance of discharges of 600 to 800 wV. in amplitude and 
of 80 to 100 e/see. frequency. This modality is com- 
mon to the action of cafeine and of Cardiazol. 

(b) A progressive increase of the cortical response 
to intermittent photic stimulation with moderate aug- 
mentation and oscillations of the latency of the cor- 
tieal responses to each stimulus in a sequence of 
photie stimulation until the moment when the con- 
vulsive activity appears. This is characterized by high 
voltage waves of 800 to 1100 yvV. and of 3 to 10 
e/see. frequency, which are no longer driven by inter- 
mittent photic stimulation. 

Thus there are two mechanisms which contribute 
to the paroxysmal hypersynechrony: the recruiting of 
a higher number of neurones which are in synaptic 
relation. This explains the augmentation of the 
latency and the convulsive activity of the neurones. 
Thus the high frequency discharges are produced and 
this allows the synchronization of their activity out- 
side of their functional relationship. 
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14. Vegetative manifestations during petit mal 
attacks. — A. KREINDLER, R. BROSTEANO and I. 
Pomici, Bucarest. 

When using simultaneous recordings the authors 
observed that outside the petit mal attacks respiration 
is little disturbed, but the plethysmographie record is 
often inert with sometimes undulatory asymmetry 
or vascular hypertonia. 

The spontaneous attack did not always disturb 
respiration, but produced vasodilatation, and some- 
times the amplitude and frequency of respiration aug- 
mented markedly and vasodilatation appeared only 
after the attack. 

If the attack was produced by hyperventilation it 
was accompanied by arrest of respiration of the same 
duration associated with marked vasodilatation. It 
was followed by disturbances of respiration with 
apnoea and sometimes a Cheyne-Stokes type of respir- 
atory rhythm. There also were marked vasomotor 
disturbances (failure to respond to all sort of excita- 
tions, hypertonia or asymmetrical undulation). 

The electroencephalogram was of the classical 
aspect with attacks accompanied by spike and wave 
complexes and fairly rare disturbances in-between the 
paroxysmal discharges. 

The authors interpret these observations as demon- 
strating the effect of an interplay of phenomena of 
excitation, inhibition and of successive induction. They 
point out that there is asymmetry in the discharges 
affecting the vegetative centers in contradistinction 
to the symmetrical bombardment of the cerebral 
cortex. 


15. Morphological study of spike and wave com- 
plexes in relation with age in infants. — C. 
Banc and P. KRAMARZ, Paris. 

The study of pathological potentials in the new- 
born and in the infant is dominated by the problem 
of the factor of ‘‘cerebral maturation’’. This modifies 
at each level of age the possibilities of expression of 
normal and pathological bioelectrical activities. 

During the first year of life three different types 
of spike and wave discharges were observed: 

(a) Slow rhythmical 1 to 2 ¢/see. spike aud wave 
discharges of a typical morphology or sometimes dis- 
torted suggestive sometimes of what Gibbs calls ‘‘ petit 
mal variant’’. 

(b) Sporadic isolated slow spike and wave com- 
plexes of diffuse distribution with variable pre- 
dominance. 

(c) Slow spike and wave complexes in a case of 
typical EEG syndrome of hypsarhythmia. In one case 
the authors observed generalized spike and wave 
paroxysms of a slow frequency of 1 to 2 ¢/sec. and 
arhythmiecal succeeding each other in an unorganized 
fashion. 

Between 24 to 30 months of age, the spike and 
wave complexes tend to become grouped in paroxysms, 
but the 3/sec. rhythm is not yet developed. The 
earliest age at which bilaterally synchronous 3/sece. 
spike and wave discharges in ‘‘triplex’’ form were 
observed were in children of the age of 30 months. 
From this age on the brain of the child is capable 
to produce petit mal patterns identical to those seen 
in adults and the occurrence of which is favored by 
drowsiness. 

The morphology of normal and pathological poten- 
tials changes during development. The time of onset 


of pathological as well as of normal activities allows 
to assess indirectly the steps of maturation which 
occur during the development of the nervous system 
in children. Thus the age of 30 months at which the 
first 3/sec. spike and wave complexes appear must 
correspond to an important maturitional stage. 


16. Concerning certain particular variations of 
petit mal: the “saluting form’’, the form with 
retraction of the head posteriorly and the 
rotatory form. — TH. ALAJOUANINE and J. 
NEHLIL, Paris. 


Three forms of petit mal are described: 

(1) The first consists of akinetie seizures affect- 
ing especially the head and the body, producing the 
aspect of the ‘‘salam tic’’. 

(2) The second form consists of myoclonic sei- 
zures localized in the face with raising and retro- 
flexion of the head. 

(3) The third form consists of rotatory move- 
ments with automatic activity of the limbs and the 
face. 

In the three cases the electrographic aspect was 
that of classical petit mal. 

The mechanism of these different attacks is inter- 
preted in relation with the connections existing be- 
tween the cingulate gyrus and the intralaminar system 
of the thalamus on one hand, and the temporal lobe 
and the afore mentioned structures on the other hand. 


17. Infantile encephalopathy with epilepsy and 
status epilepticus during furunculosiss — J. 
RADERMECKER, Antwerp. 


A child of the age of 12 years contracted an un- 
specific banal infection which was followed by enceph- 
alopathy with status epilepticus. This encephalopathy 
had all the characteristics of the perinatal forms, but 
was associated with a marked sensory-motor aphasia 
and a profound right-sided hemiplegia. This cleared 
up over a time period of 8 to 10 months. Convulsive 
sequelae, however, persisted and were difficult to 
control. The seizures occurred first at intervals of 
several months or even a year in the beginning. The 
patient benefited from the medications he received and 
worked normally until in 1944 a severe furunculosis 
was accompanied by a prolonged epileptic status. The 
EEG performed in 1951 showed generalized dys- 
rhythmia without any clear sign of lateralization. At 
the age of 30 there was a recurrence of status epil- 
epticus which proved to be fatal and which occurred 
on the occasion of another bout of furunculosis fol- 
lowed by bronchopneumonia. 


The anatomical specimens showed a cerebral scle- 
rosis with typical porencephaly of the entire left 
temporal lobe upon which a localized metastatic type 
of encephalitis was grafted. On the right side there 
were practically no lesions except for some lymphocytic 
perivenous infiltrations in the meninges. On the left 
side, there subsisted some cld vascular thrombosis 
which were recanalized. 

The author stresses that in infantile hemiplegias 
the onset of status epilepticus without apparent cause 
san be due to known or unknown infections which act 
as a triggering agent. The terminal episode in this 
case furnishes the proof that infection produced a 
metastatic encephalitis only in the previously damaged 
hemisphere. This site of predilection of extrancuronal 
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infections in the damaged hemisphere is only rarely 
demonstrated as clearly as in this particular case. 

It is also important to point out that in this 
vase behavioral disturbances as usually attributed to 
temporal lobe epilepsy were absent and that the con- 
trolateral hippocampus was found to be normal 
despite three episodes of status epilepticus. 


18. Rapid activity at 14 c/sec., almost continuously 
present in a child with prolonged somnolence. 
Relationship with epilepsy. — D. SAMson-DoLtL- 
Fus and M. SAmson, Rouen. 


The child whose case is the object of this study, 
showed a normal psycho-motor development and no 
history of neonatal pathology. Suddenly this patient 
lapsed into a state of abnormal somnolence with gen- 
eralized hypotonia from which she was difficult to 
arouse and into which she relapsed very rapidly. 

The EKG recorded in the 22nd hour of this state 
of somnolence showed a rapid activity of 14 to 16 
c/sec. when the eyes were opened and with the eyes 
closed there was an occipito-rolandie 4/see. rhythm. 
During sleep which occurred almost instantaneously 
there was a continuous rolandie activity at i4 to 16 
e/see. which became quite high in voltage and slowed 
down slightly to a frequency of about 10 to 12 ¢/see. 
at the same time when some high voltage slow waves 
appeared. Arousal stimuli produced bursts in rolandi¢ 
regions and high voltage sharp discharges in the 
vertex position. | 

A treatment with bromides, chloral hydrate and 
Gardénal (phenobarbital) was instituted and the pa- 
tient’s condition improved over the next day. Two 
days later the somnolence had disappeared. Normal 
gait, however, reappeared only 8 to 10 days later. 

Three and % months later with the maintenance 
therapy of Gardénal, the child was doing weil and 
the tracing was normal. 

It seems therefore that this was not a case of 
encephalitis and the pattern was not that of rapid 
barbiturate rhythms. 

On the other hand a history of two falls could 
be elicited. These had occurred in the three preceding 
months and were associated with pallor and some froth 
being present at the lips. This and the effect of the 
instituted therapy suggest the presence of a special 
form of status epilepticus. 


19. Demonstrations of tracings in head injury with 
posterior rhythms at 4 c/sec. (Concepts con- 
cerning the evolutionary characteristics, some 
comments concerning the medical-legal aspect). 
—J. N. VaALiat and J. M. Lepetir, Limoges. 


The authors present several tracings obtained in 
patients having suffered from head injury in which 
a posterior rhythm at 4 ¢/see. was found. The morpho- 
logical characteristics of these rhythms, their distribu- 
tions and their reactivity are described. It is pointed 
out that these rhythms persist for a long time after 
the injury and their development in time is often 
dissociated from the subjective symptoms. These may 
regress while the electrographic aspect may remain 
unchanged. This raises some question as to the 
medico-legal evaluation of these findings and _ its 
significance for the prognosis, which in general ap- 
pears to be favorable though conclusions must be 
drawn with some caution. There was one ease with 
manifest impairment observed in the 2nd tracing. The 
authors also point out that a similar rhythm may be 


found in patients without trauma afflicted by various 
benign or severe pathological conditions. 


20. Unilateral cerebral vaso-motor disturbances in 
small children due to head injuries. Electro- 
graphic, clinical and ophtalmological study. — 
P. Pruvot, J. M. DELANDTSHEER, P. FRANCOIS 
and P. GALIBERT, Lille. 


The authors report on four similar observations 
made in young children of the age of 1 to 3 years. 
All had sustained a head injury which was followed 
within a few hours after the accident by a dramatie 
clinical syndrome: somnolence, clonic Jacksonian at- 
tacks and total unilateral pyramidal motor deficit. 

The EEG showed a remarkable asymmetry of the 
tracing and high voltage, polymorphe and continuous 
delta waves strictly lateralized to the hemisphere cor- 
responding to the hemiplegia. The other hemisphere 
showed a normal tracing. 

The evolution of the clinical and eleetroencephalo- 
graphic symptoms rapidly took a favorable turn. There 
persisted apparently no untoward clinical or clectro- 
graphic sequelae. 

In a favourable case the ophthalmological investig- 
ation permitted to obtain a more precise information 
concerning the mechanism producing these symptoms. 
This examination showed on the side of the damaged 
hemisphere ophtalmoscopic signs of obliteration of the 
central retinal artery: clear oedema of the posterior 
pole and a cherry red coloration of the macula. These 
ocular signs subsided rapidly during the foilowing 
days. The oedema disappeared but there persisted 
a certain discoloration of the optic dise. 

It is therefore likely that a unilateral cerebral 
arterial spasm is responsible for certain post-traumatic 
neurological syndromes of rapid and favourable evolu- 
tion. 


21. Concerning the diagnosis of intra-cranial hema- 
tomas in adults. — G. JoLiveT-NEUvILLE, B. 
SCHWARTZ and C. DrReEyFus-BrIsAc, Paris. 


The authors had the opportunity to examine in 
the past year a certain number of patients in which 
the tracings were suggestive of the presence of an 
hematoma. In 13 patients the diagnosis was confirmed 
later. In 6 cases the EEG played only an ancillary 
role in supporting the necessity of a surgical manage- 
ment of the case. On the other hand 3 patients were 
referred to the laboratory from surgical services for 
benign head traumas. In these 3 cases the record 
showed clear and localized alterations of the pattern 
which suggested that an arteriogram should be e¢ar- 
ried out, which in each ease showed positive diagnostic 
signs. These 3 patients were successively operated 
upon. It is necessary to stress for these cases the 
primordial role played by the EEG in the diagnosis. 
Four other patients were referred for conditions of 
an apparently non-surgical character: 2 aleoholies 
suffered from a loss of consciousness a few days 
before the record was taken. The EEG record showed 
localized changes which raised the question of the 
presence of an hematoma, which later was confirmed 
by the arteriogram. A hypertensive patient with 
hemiplegia was referred with the clinical diagnosis 
of softening of the brain and showed a tracing which 
was diffusely disturbed. In 1 case only the record 
remained normal and the unrecognized hematoma 
resulted in coma of rapid onset and led to the pa- 
tient ’s death. 
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In 5 of the cases reported here the EEG suggest- 
ed that these patients should be treated with neuro- 
surgical methods. It is quite evident that the 
EEG examination does not show any pathognomonic 
changes. It is well known that thrombosis, oedema, 
softening and aneurism with or without hematoma 
can produce electrographic changes which are essen- 
tially identical. But in all these cases the EEG find- 
ings confirm the necessity of complementary examina- 
tions, especially in the form of arteriography. 


22. Electroencephalographic study of supra-ten- 
torial angiomas. J. ACHSLOGH and J. BRIHAYE 
Brussels, A. DEREYMAEKER, Louvain, G. HorFr- 
MANN, Gent, and S. Tuiry, Liege. 


Among 62 supra-tentorial angiomas 58 per cent 
were accompanied by epilepsy. Twenty-three times 
epilepsy was the initial pathological symptom. In 15 
‘cases the epileptic disturbance was of a focal char- 
acter. In 30 cases, intracranial hemorrhage was the 
first symptom to occur. In 12 times this was accom- 
panied by signs of a neurological deficit. Five times 
the first symptom was an association of intra-cranial 
hemorrhage with epilepsy and 4 times a neurological 
deficit. In the majority of cases epilepsy and the 
signs of neurological deficit appeared for the first 
time in the decade which preceded that in which the 
diagnosis was made. 

Among 14 eases with angioma associated with 
focal epilepsy without hematoma and which were 
studied from the EEG point of view the electro- 
graphie localization was 9 times correct, erroneous 
once, impossible because of a too high amount of 
abnormal activity in 3 cases, and impossible because 
of absence of abnormalities in one case. The record 
was therefore abnormal in 13 instances. 

Among 5 eases of angioma with generalized epil- 
epsy without hematoma, the EEG localization was cor- 
rect in 3 cases, erroneous in 1, and impossible because 
of absence of abnormalities also in 1 case. The record 
was therefore abnormal in 4 instances. 

Among 7 eases of angioma with intracerebral 
hematoma studied with EEG the tracings showed focal 
changes in all 7 instances. 

On the other hand in 9 cases without epilepsy nor 
intracerebral hematoma the tracing was abnormal only 
once, regardless whether there was or there was no 
subarachnoid hemorrhage. 

As shown by a detailed study of the evolution of 
the clinical symptomatology in time, whether this 
consisted of epileptic manifestations or of signs of 
neurological deficit, the arteriovenous shunt was never 
pathogenic in itself, if one discounts a certain risk 
of subarachnoid hemorrhage. The secondary gliosis 
consecutive to known or undiagnosed intra-cranial 
hemorrhages and which shows up very clearly in the 
histological examination is responsible for the mor- 
bidity produced by angiomas. 

A study of the EEG tracings allows to confirm 
the clinical and pathological conclusions. 

The artero-venous shunt in itself, even when 
associated with a non-complicated subarachnoid hemor- 
rhage without signs of neurological deficit, i.e. with- 
out a lesion of the cerebral substance, produces only 
very small changes in the EEG. 

On the contrary when a lesion of the cerebral 
substance is signaled by the presence of epileptic 
phenomena or of neurological deficit, whether these 
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are the result of a neurologically proven hemorrhage 
or were clinically inapparent, the tracing is markedly 
changed and most often shows a focal maximum. The 
KEG changes are most marked when the angioma has 
produced an intra-cerebral hematoma and when there 
is a large and vast space occupying destructive lesion. 


23. Correlations between compensation of function 
as judged from the clinical aspect and from the 
electroencephalogram after removal of cere- 
bellar tumors. — C. ARsENI and M. STERIADE, 
Bucarest. 


Investigations were carried out in 22 patients 
which were operated for intra-cerebellar expanding 
lesions in order to study the evolution of the eclectro- 
clinical correlations of the processes of compensation 
after removal of cerebellar tumours, i.e. under condi- 
tions where no intracranial hypertension is present. 

(1) The compensation is most rapid in tuber- 
culomas: 2 months after operation the clinical exam- 
ination was unable to bring out any sign of cerebellar 
deficit. At this moment of the recovery when the 
clinical examination was completely negative the 
EEG examination showed diffuse changes in the form 
of slow waves, spike and wave complexes, facilitated 
by hyperventilation or intermittent photic stimulation. 

(2) The gliomas and medulloblastomas show a 
slower clinical compensation of the cerebellar syndrome 
(3 to 4 months). At the same time the electrographic 
disturbances in the form of bursts of 5/see. slow 
waves most often lateralized to the contralateral hemi- 
sphere and which appear usually during the first 
weeks after the operation disappear between 1 to 2 
months. This return to normal activity is in contrast 
with the clinical syndrome which is still not com- 
pensated. 

The more rapid clinical compensation of tuber- 
culomas can be explained by their more localized char- 
acter, whereas the persistence of the EEG changes 
of a diffuse character is probably due to tuberculous 
meningo-encephalitiec changes accompaning the tuber- 
culoma. On the other hand the electrographic changes 
after extirpation of gliomas are more localized since 
they are determined only by deafferentation produced 
by the cerebellar lesion. 

24. Relationships between the EEG modifications 
and personality structure in psychosurgery. — 

Z. HELMAN, Paris. 

During a series of examinations carried out pre- 
and post-operatively in mental patients, largely schizo- 
phrenies, subjected to psychosurgical interventions, 
consisting mainly of lobotomy or orbital under-cut- 
tings, the EEG, the Rorschach test and a drawing 
test were performed at the same time. 

After these operative procedures, while slow mono- 
morph disturbances appeared in anterior region in the 
EEG, the Rorschach and drawing tests interpreted 
according to the method of Minkowska showed that 
the personality structure underwent variations direct- 
ed toward an ‘‘epilepto-sensorial’’ type. The author 
groups these changes under the heading of ‘‘sensory- 
motor reaction’’ (‘‘poussée sensori-motrice’’). Con- 
comitant variations of electrographic hypersynehrony 
and of the ‘‘sensory-motor reaction’’ can be followed 
up during the post-operative period. 

This study in psychosurgical patients was im- 
portant in demonstrating a relationship between the 
sensory motor personality structure and electrographic 
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hypersynchrony, a relationship which was first estab- 
lished by using the same method of combined Rors- 
ehach and EEG examination in epileptic patients. 


25. The electroencephalogram in ‘‘autogenic train- 
ing’. — F. RouwMer and L, IsraeEL, Strasbourg. 
The authors studied the electroencephalogram dur- 

ing the state of auto-hypnosis produced with the 
method of Schultz. There exist objective modifications 
of the electroencephalogram and these modifications, 
though minimal, are constant and are found in all 
well trained subjects. They consist of a proyressive 
diminution of the amplitude and abundance of the 
alpha activity. During the periods of diminution of 
the alpha activity there appear short paroxysms of 
either bursts of alpha activity or sometimes of epi- 
sodes consisting of true spikes or waves or even gen- 
eralized bursts of theta activity. These elements in 
the electrogram are more or less abundant and more 
or less intense according to the different stages of 
the training and it seems that certain exercises, espe- 
cially those attempting to control the vascularization, 
are more efficient than others from the point of 
view of the electroencephalographie modifications. 
Some of the subjects examined during auto-hypnosis 
were also subjected to hypnosis. During hypnosis they 
were induced to go through different stages through 
which they went in their own auto-hypnosis and the 
same modifications were found in the EEG. It seems 
that at least in the cases which were thus studied the 
electroencephalographic changes obtained during hyp- 
nosis were less marked and less prolonged than under 
auto-hypnosis. 

Comparisons can be made between these findings 
and other studies on hypnosis. The same modifica- 
tions generally were found in the present study as 
those reported by most authors. On the other hand 
it is opportune to compare the auto-hypnosis according 
to the method of Schultz with certain exercises of 
yoga. The state of auto-hypnosis is evidently not as 
profound as the state of trance induced by yoga. 
Nevertheless, the electroencephalographic changes can 
be compared with the modifications observed by Das 
and Gastaut in subjects in a state of trance: at least 
this applies for the first stages of these trances. 


Finally it is of interest to compare these states 
with sleep: There is no similarity with profound sleep. 
On the other hand certain states preceeding sleep can 
be accompanied by modifications of a similar char- 
acter and sleep spindles can perhaps be likened to 
the paroxysms observed under autogenic training or 
hypnosis. 

This work demonstrates on one hand the object- 
ivity of the changes occurring during autogenic train- 
ing according to the method of Schultz, a method 
which may be eriticized by some on the basis that 
elements of suggestion and auto-suggestion play too 
large a role in it. On the other hand this study 
allows to investigate certain slight modifications of 
the state of consciousness and therefore contribute to 
the knowledge of one of the problems which is in the 
center of present day’s interest. 


26. Electroencephalographic changes in tuberculous 
patients subjected to treatment with cycloserine. 
I. Posterior slow wave abnormalities. — P. 
Nayrac and M. BEAussART (with the collabora- 
tion of B. GAupiER, CL. PONTE and L. ADENIs), 
Lille. 
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Two hundred and thirty EEG were earried out 
in 74 patients. All suffered from pulmonary tuber- 
culosis with no sign of localization of the disease in 
the meninges and in which the neurological examina- 
tion was always negative. 

In 35 adults EEGs were carried out during treat- 
ment and the intervals between the beginning of 
treatment and the EEG examination were variable and 
were usually of several months duration in the major- 
ity of cases. No electrographic abnormality consecu- 
tive to this treatment was observed whether the 
therapy was well tolerated or not. On the other hand 
the study of 185 tracings carried on in 39 patients 
systematically studied with EEG before the begin- 
ning of the treatment and during treatment proved 
to be much more interesting. 

The most homogeneous group was constituted by 
34 children of an age distribution ranging between 
1% and 13 years (24 of them were of the age from 
2 and \% to 6 years): elinieally 33 cases were con- 
sidered to be due to primary infections and eyelo- 
serine alone was used for treatment. In almost all 
cases no treatment had been received previously. The 
electroencephalographie tracing was normal for the 
age of the child in 31 eases. 

Among a certain number of EEG abnormalities 
the most frequent observation was that of slow wave 
activity in posterior head regions. This was not only 
the most frequent but the most spectacular change ob- 
served. This abnormality consists: (1) of slow poly- 
morph rhythms of a non-organized character and 
which are almost permanently present, and (2) of 
bursts of slow waves of 2 to 3 ¢/see. and of high 
amplitude localized in parieto-occipital regions and 
occurring upon closure of the eyes. 

The first type of abnormality was observed 29 
times and were high in voltage and very abundant 
in 22 eases. They appeared at variable intervals after 
the beginning of the treatment (some days up to 10 
days, in most cases, but sometimes within 24 hours). 
These changes evolve and reach the maximum at about 
2 to 4 weeks after the institution of treatment and 
later regress during several weeks without completely 
disappearing. Sometimes they increase for a second 
time progressively and regress again. There is no 
correlation between possible clinical manifestations of 
intolerance and these EEG changes, neither as far as 
their intensity is concerned nor their evolution in 
time. 

Bursts of posterior slow waves occurring after 
closure of the eyes were observed in 14 eases, they 
appeared progressively over several weeks or quite 
late after the institution of treatment. There was no 
significant correlation with the appearance of the 
first slow abnormalities described. In relation with 
the clinical manifestations of intolerance, the correla- 
tion of the second type of abnormalities seem to be 
more interesting: twice they were found in patients 
which developed convulsive seizures, and 5 times out 
of 7 cases presenting psycho-motor agitation. 

In 3 adults in which the tracing was normal 
before the institution of treatment the appearance 
and later disappearance of posterior slow rhythm was 
observed and the evolution of these changes was very 
similar to what was seen in children. Slow waves 
appearing in bursts upon closure of the eyes were 
observed in one case. Clinical manifestations of in- 
tolerance were found in two cases. 

Two patients had an abnormal tracing before the 
beginning of treatment. This abnormality was not 
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epileptic but in one case consisted of slow waves of 
low amplitude and of a polymorph character recorded 
diffusely. No modification of this pattern was ob- 
served in 5 EEGs earried out during 6 months of 
treatment. In the second case there were before 
institution of treatment very marked focal posterior 
parietal abnormalities on the right side. Twelve 
tracings recorded over a year’s period showed a mark- 
ed impairment of the electroencephalographic changes 
which were followed by a return to the aspect as it 
presented itself before the beginning of treatment. 
In conelusion one way say that these electroenceph- 
alographic changes cannot be explained yet in a 
satisfactory way. It is important to consider them in 
view of their frequent occurrence and they may help 
to suggest a hypothesis explaining the action of the 
drug. 


27. Electroencephalographic changes in tuberculous 
patients subjected to treatment with cycloserine. 
II. Relationship to epilepsy. — P. Nayrac and 
N. BeEAussART (with the collaboration of B. 
GaupIER, CL. PONTE and L. ADeENis), Lille. 


Four categories of facts have to be considered: 

(1) A child presented convulsive seizures since 
the age of 6 months. The EEG, before treatment, 
showed isolated spike and wave complexes over the 
right hemisphere and a specific abnormality in re- 
sponse to intermittent photic stimulation. 

(2) Two children never presented convulsive sei- 
zures. The EEG, before treatment, disclosed specific 
generalized abnormalities of a bilaterally synchronous 
type which were activated by intermittent photic stim- 
ulation in one patient and which could only be pro- 
duced with intermittent photic stimulation in the 
second, 

(3) In 5 eases tracings were normal before institu- 
tion of treatment and there was no evidence for any 
clinical manifestation suggesting a paroxysmal dis- 
order. Four days to 5 weeks after the beginning of 
treatment there appeared bursts of generalized bi- 
laterally synchronous slow paroxysmal waves in 2 
cases, associated with unequivocal spike and wave 
complexes in 3 eases. 

(4) In 2 children who never presented any epil- 
eptic manifestation convulsive attacks were observed 
during treatment. 

For the first 3 categories of facts, there exists 
no accentuation of the abnormalities during treatment. 
There is even sometimes a certain transitory remission 
of the abnormalities. 

In the last case the tracings obtained before the 
institution of treatment, during treatment and even 
a short time after the clinical manifestation remained 
completely within normal limits. 

It therefore seems legitimate to conclude that it 
is impossible to forecast the occurrence of manifesta- 
tion of clinical intolerance on the basis of the aspect 
of the EEG and that the existence of the specific 
epileptogenic abnormalities before institution of treat- 
ment does not constitute a contra-indication to the 
use of cycloserine. 

(Published in fall in ‘‘ Lille Médical’’.) 
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28. Concerning the EEG changes observed during 
the treatment with cycloserine. — G. JoLivet- 
NEUVILLE and C. Dreyrus-Brisac, Paris. 

The study was carried out in 40 adults: 

(1) In 25 eases the records were normal before 
institution of treatment. They remained normal in 
16 cases receiving doses ranging from 4.5 to 10.5 g. 
In 5 patients of this group discrete clinical disturb- 
ances were noted. In 9 cases electrographic abnormal- 
ities appeared from a level of doses ranging between 
4.5 to 91.5 g. These abnormalities consisted of dif- 
fuse theta activity, bursts of monomorph posterior 
delta activity, sharp waves, spikes or hypersensitivity 
to hyperventilation. Only 2 of these cases showed 
clinical disturbances. 

(2) In 15 eases the tracings showed abnormalities 
before the beginning of treatment. None of these 
abnormalities was increased. Six remained unchanged, 
9 were improved. Three patients out of 9 suffered 
from severe clinical symptoms: true vertigo, state of 
ebriety and epileptie seizures. 

No particular electrographic alteration could be 
demonstrated which allows to forecast the appearance 
of clinical neuro-toxie signs produced by cyecloserine. 
There exists no link between the clinical disturbances 
and the abnormalities seen in the EEG. A _ record 
showing abnormalities before the treatment is started 
should not interfere with the institution of cyelo- 
serine therapy. 


29. Abnormalities of sleep potentials in children of 
less than three years of age. — C. BLanc, P. 
KRAMARZ, N. Monop and C. DreyrFus-Brisac, 
Paris. 


The normal components of the sleep tracing of 
children often assume an atypical aspect. These ab- 
normalities may be morphological and are encountered 
during the stage of sleep induction. They have to 
be evaluated in relationship to the age of the child 
and often assume the form of a too slow, too high 
voltage, or too sharp form of hypersynchrony. The 
abnormalities are also encountered during deeper 
sleep and assume the form of spindles with too sharp 
wave forms, or may appear as sharp waves of a 
hyper-rhythmie type, of too repetitive a character or 
as too sharp wave fotm. An abnormal topography of 
sleep phenomena ean also be encountered, such as 
displacement of the central pattern to a frontal re- 
gion, asymmetry of sharp waves, occipital asymmetries 
and monomorph frontal delta activity. 

Finally the lability of the tracing in selection to 
the variation of the state of vigilance can be exag- 
gerated or on the contrary reduced. This latter 
group of abnormalities seems to be the more severe 
one. 

These atypical patterns are encountered in various 
syndromes often when an attack is near. The tracing 
during wakefulness may be normal in these eases. 
Correlations with clinical findings is difficult to make 
for these electrographic aspects and they do not 
assume any specific diagnostic significance. Never- 
theless they are not without a certain diagnostic 
importance. 
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1. Electric activity produced by eye flutter sim- 
ulating frontal electroencephalographic rhythms. 

— WiLiiaAM L. Haran, Puitie T. WHITE and 

REGINALD G. BickFrorD, Mayo Clinic and Mayo 

Foundation, Rochester, Minn. 

Attention is ealled to rhythms of a frequency 
up to 14 ¢/sec. that occasionally are recorded from 
the anterior regions of the head during electroenceph- 
alography and that are associated with flutter of 
the eyelids. Observations were made on _ patients 
undergoing routine electroencephalography who de- 
monstrated prominent flutter of the eyelids, in- 
cluding one patient who also had one eye removed. 
In addition, 14 normal persons were studied by 
means of recording from electrodes placed close to 
the eyes, and 100 consecutive records frcm adults 
in our laboratory files were reviewed. 

Flutter of the eyelids could be elicited in 8 of 
the 14 normal persons by having them close the 
eyelids lightly. Four of these 8 persons showed great 
inerease in the flutter when they attempted to solve 
problems. The associated electric rhythm always 
appeared maximally frem electrodes placed imme- 
diately above and below the eyes and always could be 
inhibited by placing the fingers lightly over the 
closed lids. In the patient wit only one eye, holding 
the lids of the normal eye inhibited the rhythm 
bilaterally, although the lid on the side of the 
excised eye continued to flutter. 

Three of the 100 routine records showed rhythmic 
activity of a frequency of 8 ¢/sec. or more from 
the frontal regions during problem solving. In the 
course of 5 years’ experience, we have found no 
instance in which such rhythms appearing during pro- 
blem solving were not associated with flutter of the 
eyelids. 

It is concluded that the rhythm results from 
oscillation of the electric field of the eyes pro- 
duced by rapid ocular movements associated with 
flutter of the eyelids, and it is suggested that flutter 
of the eyelids may be a source of kappa electro- 
encephalographic waves. . 


2. An automatic graphic indicator of EEG phase 
reversals. — RICHARD N. VIETH, JERE P. WILSON 
and CHESTER W. Darrow, Institute for Juvenile 
Research, Chicago, III. 


The phase and relative dominance indicator (EEG 
Clin. Neurophysiol. 1956, 8:333-336) gives decreased 
voltage for inphase relations and summation of volt- 
age during out-of-phase comparisons. But by invert- 
ing one channel to record against grid 2 it gives the 
opposite — increased voltage for in-phase and de- 
creased voltage for 180° out-of-phase relationships. 
Advantage is taken of this fact to provide a simple 
in- and out-of-phase indicator. After rectifying 
effects of the two types of phase comparison and 
feeding them respectively to grids 1 and 2 of a 


[ 568 ] 


D. C. amplifier and pen writer one gets a simple 
D. C. deflection: — one direction for in-phase, and 
the opposite direction for out-of-phase activity. 
Motor-occipital in-phase effects during arousal, 
alpha spindles, and hypersynchronous conditions will 
be illustrated. Out-of-phase effects will be shown in 
relation to various forms of stimulation and activity. 


3. Electrical studies of the unborn and newborn 
human. — Francis J. MILLEN, Milwaukee, Wis. 
This is a study of electrical activity obtained 

from placement of electrodes over the abdominal wall 
and uterus of the pregnant woman during the three 
trimesters of pregnancy. Electrographie recordings 
of the fetal electrocardiogram and fetal EEG’s were 
obtained. Several instances of questionable fetal 
death in utero were studied. The literature was re- 
viewed and findings compared. 

In another series of cases, EEG’s were recorded 
from the sealp of newborn infants during the first 
24 hours after birth. Several interesting wave pat- 
terns and forms were obtained. No abnormal EEG 
tracings were obtained. The literature was reviewed 
and findings compared. 


4. Simultaneous measurement of reflexly organized 
proprioceptive (vestibular and neck) and visual 
(optokinetic) nystagmus, showing dominance of 
the visually evoked response. — CHRISTINE Kris, 
Massachusetts Institute of Technology,! Cam- 
bridge, Mass. 


In developmental and comparative studies of reflex 
responses, the question of preponderance of proprio- 
ceptive as contrasted to exteroceptive stimulation 
arises whenever one sensory-motor system is so or- 
ganized that it can respond at the same time to 
both types of stimulation. The oculomotor system 
presents the example par excellence, for it exhibits 
two types of reflexes: (1) the primordially evolved 
vestibular and neck reflexes, which are activated by 
changes in motion of the head in space, and by 
changes in position of the head relative to the upper 
body; and (2) the optokinetie reflexes, which are 
activated visually, by movement of pattern or color- 
contrast elements in the visual field. 

To test the hierarchical preponderance of one of 
these types of reflexes over the other, a series of 
experiments was carried out. The method of re- 
cording eye-motion was the same as that used in 
previous reported experiments relating changes in 
periorbitally measured potentials to changes in fixa- 
tion position. (See C. Kris, Abstract, Proceed. of 
CEEG, EEG Clin. Neurophysiol., Vol. VII, No. 2.) 

I. Rotatory and post-rotatory nystagmus were 
induced by rotating the subject in a Barany-chair, 

1 Formerly at University of Chicago, Chicago, Illinois, 
where this work was begun. 
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while the subject’s head was kept in constant relation 
to the body. 

II. Subsequently, the head alone was rotated 
through an are of 180° from left to right, and right 
to left, repeatedly. Naturally occuring differences 
between amplitude, frequency and rate of nystagmus 
for both direction of rotation were established in 
control sessions (a) with eyes closed; (b) with eyes 
open: and (c) in a stationary black and white striped 
drum designed for use in elliciting the optokinetic 
response. The drum was then rotated at various 
speeds; it was noted in experiments I and II, that 
whenever the drum was rotating in the same direction 
and at the same speed as the head (so that the 
relative angular velocity was zero), the nystagmus, 
which otherwise was evident (in different degrees), 
entirely disappeared. In the second set of experiments, 
when the head was turning in the direction opposite 
to that of the drum, the nystagmus was accelerated by 
an amount proportionate to the now greater rate at 
which the stripes were moving relative to the subject’s 
head. 

Thus the records obtained verify the hypothesis 
that visual field controlled stimulation (by means of 
alternating stripes) dominates — in its influence on 
ocular nystagmus — the vestibular and neck ocu- 
lomotor reflexes, when the rate of nystagmus pro- 
duced by head and body rotation alone is compared 
to the rate recorded when optokinetie response to the 
visual stimulus is added. 


Results obtained in these and related experiments 
have led to sample applications in several areas of 
inquiry, in both the clinical and developmental fields. 
These include (a) the measurement of spontaneous 
ocular nystagmus and its cancellation in one direction, 
when the head is stationary, in a subject (SL) 
congenitally afflicted with it; (b) the recording of 
initial manifestations of a form of ‘‘Miner’s Nys- 
tagmus’’, appearing on first exposure to light in 
two of Dr. A. Riesen’s dark-reared adult cats, one 
of the course of their recovery from light deprivation 
during continued exposure and (c) the recording of 
the first appearance, around the 15th post-natal day, 
of the optokinetic response in young kittens, and of 
its increasing regularity thereafter (the response 
was tested from the 2nd day to the 30th day, and was 
used as an objective and quantitative indication of 
the development of visual acuity). 


5. Electroencephalographic studies in poliomyelitis. 
— M. Turner and H. NotwNez, Buenos Aires, 
Argentina. 


Thirty-six EEG controls were made in 31 
children from 6 months to 10 years in the recent 
epidemic of poliomyelitis in Buenos Aires (summer 
1956). 

There were found 19 normals EEG and 15 ab- 
normal records. The abnormalities were in 14 cases 
hypersineronie delta waves, bilateral, symmetrie and 
synchronic, diffused or localized preferently in the 
occipital and temporal regions. In only one case a 
generalized depression was found. 

The abnormal EEG were more frequent in the 
group of patients who suffered or had suffered from 
symptoms of polioencephalomyelitis: convulsions, 
troubles of consciousness, myoclonia, vomiting, nystag- 
mus, headaches, ete. (12 abnormal records and 5 
normal). In the group of children who had not suf- 
fered from these encephalitie symptoms, the normal 
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EEG records were more frequent (14) but there were 
found 3 abnormal EEG in pure spinal cases. 

The EEG abnormalities were more frequent in the 
acute period of the illness (less than 1 month). But 
they were also found in the postacute periods (more 
than 3 months of evolution) in 9 cases, 6 of which 
were affected by polioencephalomyelitis. 

In the group of children with respiratory forms 
of the disease (bulbar and high spinal) only one ab- 
normal EEG was found in 11 cases; these cases were 
treated very early with therapeutic measures (pul- 
motors, rocking beds, broncho-aspiration, tracheotomy, 
ete.) ; they had not suffered encephalitic symptoms 
and they were recorded in the postacute state. 

It is infered that the pathological manifestations 
in the EEG records of poliomyelitic cases seem to be 
related to a direct lesion of the subcortical formations 
(brain stem and diencephalon) and could be correlated 
with the encephalitic symptoms; that they are more 
frequent in the acute stages of the disease but can 
persist in the post-acute ones. These facts may 
justify the neurolitic therapies (neurolisis, artificial 
hibernation, ete.) in the acute period of polioence- 
phalomyelitis, and the EEG controls in the post-acute 
stages to detect and explain psychic and/or convulsive 
disorders. 

No lesser incidence of the encephalitic manifesta- 
tions seems to exist in the respiratory forms (high 
spinal and bulbar) when the anoxia was prevented by 
correct therapeutic measures. 

There is a remarkable interest for this EEG re- 
search in every epidemic of poliomyelitis correlated 
with clinical and virologic characteristics. 


6. Evoked responses to single-pulse stimulation in 
various cortical and subcortical regions of the 
cat’s brain. — Epwarp V. Spupis and REGINALD 
G. BickFrorD, Mayo Clinic and Mayo Founda- 
tion, Rochester, Minn. 


In this laboratory it has been shown that single- 
pulse stimulation of implanted depth contacts in both 
cortical and subcortical areas in epileptic patients 
may evoke widespread, prolonged, high-voltage re- 
sponses which persist up to 3 seconds. This work was 
undertaken to investigate the occurence of similar re- 
sponses in the brain of the normal unanesthetized 
animal, and to evaluate the mechanism of these re- 
sponses under conditions as close as possible to those 
used in studies of human beings. Two six-contact 
electrodes were placed stereotaxically and bilaterally 
into homologous areas in seven cats, and into the 
same hemispheres of four cats. All major regions of 
the brain were surveyed by stimulation of each con- 
tact pair in succession, with the use of monophasie 
pulses of 0.3 msec. duration with R. F. isolation. The 
anatomie position of the contacts was located his- 
tologically. Stimulation of 45 of 93 pairs of contacts 
evoked distinct responses as follows: (1) single or 
multiple spikes, the duration of the whole response 
being less than 100 msec.; (2) mixtures of spikes with 
slower waves; and (3) triggered background rhythms. 
The amplitude of responses ranged up to 400 wV. The 
average duration of the response was 275 msec., with 
a range up to 2 or 3 sec. The voltages required to 
evoke a response range from 0.5 to 25 V. Increase 
of stimulus voltage resulted in an increase in the 
amplitude and the duration of the response. 

The evidence suggests that (1) the responses ob- 
tained result from neuronal transmission and are not 
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due to current spread, and (2) similar responses seen 
in patients with focal seizures are not necessarily 
related to the epileptic process. 


7. Electroencephalographic findings in matricide: 
A case report. — Don L. WINFIELD and ORHAN 
Ozturk, University of Tennessee, Memphis, 
Tenn. 


This is a case report on a 13 year old boy who 
killed his mother. The comparative results of various 
activating techniques including Metrazol, Pentothal, 
sedative induced sleep and photic stimulation will be 
presented. The nature of the EEG abnormality would 
suggest a thalamic-hypothalamic disorder, as evidence 
by the ‘‘14 and 6 per sec. positive spikes’’ appear- 
ing only in sleep. The other activating procedures 
were interpreted as negative. A discussion of results 
reported previously will be given. 


8. Further studies on barbiturate activation with 
observations in certain psychotic states. — Dovu- 
GLAS GOLDMAN. 


Previous reports of activation of the electro- 
encephalogram with differential changes in convul- 
sive disorder, organic brain syndromes, were referred 
to. Normal individuals and patients with pathologic 
conditions were subjected to intravenous injection of 
several different barbiturates on different days after 
suitable intervals. It was clearly demonstrated that 
Pentothal is the most active substance to produce bar- 
biturate activation. For convulsive disorder parox- 
ysmal activity not evident in the resting state or 
following hyperventilation is clearly demonstrated. 
This is particularly important in individuals who are 
continuing to have seizures under anti-convulsant 
therapy, whose tracings show little or no evidence of 
the disorder except under Pentothal activation. Cer- 
tain psychotic states, particularly schizophrenias, show 
markedly accentuated degree of activation of the sup- 
posedly normal characteristic barbiturate fast activity 
in the beta range. Activation of this type of activity 
is an extremely individual matter. Schizophrenic show 
this in marked degree, and under Pentothal show 
much more of this fast activity than do victims of 
other psychotic illnesses. In addition to the fast ac- 
tivity, there are characteristic bursts of much higher 
voltage from 50 to over 100 ywV. in amplitude and 
from one-half to 2 see. in duration. These more fre- 
quently originate in the anterior areas and char- 
acteristically in schizophrenic individuals are asym- 
metrical and non-synchronous when they occur in both 
hemispheres. In addition, certain more acutely psy- 
chotie schizophrenic individuals show very high voltage 
theta activity under Pentothal activation only. This 
activity is hypersynchronous in all leads. Following 
sufficiently long period of treatment with active 
drugs, such as Thorazine, Compazine, Trilafon, and 
associated with subsidence of the psychotic symptoms, 
the barbiturate activation is completely or nearly 
completely eliminated and little or no fast activity and 
no hypersynchronous theta activity is produced by 
injection of Pentothal by an exactly similar technique. 
This elimination of the barbiturate activation requires 
a long term measured in months, usually 2 to 4 
months, to accomplish, although some individuals may 
show it earlier. It is considered theoretically important 
that gross differences between schizophrenic psychotic 
individuals and normals can be demonstrated. 
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9. The effect on the electroencephalogram, cho- 
lesterol-phospholipid-lipoprotein metabolism in 
the human before, during and after alpha-phe- 
nyl-butyramide. — RALPH ROssEN and ROBERT 
P. Jeus, L. E. Phillips Fund for Psychobiological 
Research, Mt. Sinai Hospital, Minneapolis, 
Minn. and Hastings State Hospital, Hastings, 
Minn. 

Seven physically healthy schizophrenic men, age 
38-65 were maintained in caloric balance under rig- 
idly controlled conditions, including diet and exercise, 
for 12 to 15 weeks on low-fat and high-fat diets. 
During three weeks of this time each man received 
3-4.5 grams of alpha-phenyl-butyramide daily. Blood 
samples drawn weekly were analyzed for total cho- 
lesterol and for cholesterol in the separated lipopro- 
teins. Blood sugars were determined before the electro- 
encephalograms, which were run at 10 day intervals 
(5 electroencephalograms per patient). No effect of 
any kind on the serum cholesterol (total or fractions) 
was produced by the phenyl-butyramide. No changes 
were found on the electroencephalograms. The low- 
fat diet by itself, however, consistently produced de- 
cline in the serum cholesterol which was obvious within 
one week and averaged about 12 per cent after two 
weeks. The normal electroencephalograms and the re- 
duced level of serum cholesterol was maintained as 
long as the low-fat diet was fed (up to 15 weeks). 


10. Observations on the rolandic arceau rhythm. — 
DonaALD W. Kiass and REGINALD G. BICKFORD, 
Mayo Clinic and Mayc Foundation, Rochester, 
Minn. 

Studies of the ‘‘arceau’’ or ‘‘wicket’’ rhythm 
described by Gastaut were carried out. Eighteen of 
a total of 559 routine recordings made during an 
8-week period exhibited this phenomenon. Arch-shaped 
waves appearing in groups of varying duration in 
the rolandie regions, with a frequency of 7 to 12 
e/sec., persist after opening of the eyes. The ap- 
pearance of these waves is promptly blocked by move- 
ment, or thought of movement, of an extremity. Au- 
ditory stimulation or mental activity involving nu- 
merical calculation usually does not produce such an 
effect. Studies with concomitant electroencephalo- 
graphic and electromyographie recording reveal ar- 
ceau blocking before the onset of muscular contrac- 
tion. A case is reported in which arceau blocking oc- 
curred upon mental instigation of movement of a 
phantom limb. The appearance of the arceau rhythm 
also is reported in the depth electrogram obtained 
from the rolandie region. 


11. Activation and automation in right and left 
hemispheres. —- JERE WILSON, RICHARD VIETH 
and CHEsTER W. Darrow, Institute for Juvenile 
Research, Chicago, III. 

The fact that blocking of alpha activity by stim- 
ulation tends to decrease following frequent repetition 
of stimuli suggests cortical activity during blocking 
with return of alpha following evaluation, adjustment 
or habituation. If this indicates cortical function 
during blocking, and increased automatic activity with 
return of alpha, is it different in the two hem- 
ispheres ? In 15 subjects loud gong stimuli were pre- 
sented at 10 sec. intervals. ‘‘Per cent time’’ alpha 
of right and left occipital areas was measured 3 sec. 
before and 3 see. after each gong for 8 successive 


pres 
repe 
twe 


left 
tion 
clos 
wor 
terv 
wer 
bloc 
rigl 
ava 
han 


12. 


(1) 


(2) 


oo a. ra ae 


pt ce ee | ed 


presentations. Decrease in blocking occurred with 
repetition but there was no reliable difference be- 
tween the amount of blocking in the two hemispheres. 

On the hypothesis that differences in right and 
left cortical areas might occur with language fune- 
tions, subjects were instructed to write, with eyes 
closed, on an imaginary blackboard. Three letter 
words were written repeatedly at 15 or 20 see. in- 
tervals first by one hand then by the other. Results 
were analyzed as for the gongs. Significantly greater 
blocking occurred in the left hemisphere than in the 
right regardless of the hand used. The data thus far 
available do not permit evaluation of the effect of 
handedness. 


12. Auras of pain and pleasure (sound motion pic- 
ture recording of seizures in two patients). — 
Betty G. CLEMENTS, JOHN W. BossarpD and ReE- 
GINALD G. BiIcKFoRD, Mayo Clinic and Mayo 
Foundation, Rochester, Minn. 


Recorded Attack of Abdominal Epilepsy 


The patient, a 7-year-old boy, since the age of 
3 years had experienced paroxysmal bouts of severe 
abdominal distress, causing him to double up and 
scream, with pain ‘‘like a dull and a sharp knife in 
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my belly button’’. Attacks lasted about 40 sec., oe- 
curred as often as 70 times in 24 hours, and recently 
had been fairly well controlled by anticonvulsant 
medication. There were no postictal phenomena. Re- 
sults of repeated gastro-intestinal and neurologic 
examinations were negative. The electroencephalo- 
graphic pattern was normal, except that about 20 see. 
before the onset of abdominal pain, medium-voltage 
spike discharges appeared bilaterally and synchro- 
nously from the frontosylvian regions, and were 
maximal on the right. Discharges during the seizure 
were obscured by movement and muscle artifact. 


Recording of Laughing Seizure 

An attack was brought on in this patient by 
hyperventilation. It commenced with staring and 
flushing. His head turned to the extreme left; he 
was unresponsive to outside influence and began ‘to 
giggle and laugh. This lasted about 30 sec., at the 
end of which he said ‘‘Oh boy !’’ and passed into 
postictal confusion and aphasia. He had no memory 
of the episode. The electroencephalogram showed a 
left sylvian-ocecipital spike focus, and a roentgenogram 
of the skull disclosed left occipital calcification. At 
operation a temporoparietal calcified, mixed oligo- 
ependymoma on the left was removed. 
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Zarling. 


(2) May issue, page 382, abstract no. 17, fourth paragraph, the sentence in brackets beginning with a hyphen 
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